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ON THE WONDERFUL INGENUITY OP 

. WASPS. 

The laws of life^ why need I call to mind. 

Obeyed by insects too of every kibd ? 

Of these, none uncontrolled and lawless rove. 

But to some destined end spontaneous move : 

Led by that instinct Heav*n itself inspires. 

Or so much reason as their state requires : 

See all with skill acquire their daily food. 

All use those arms which Nature has bestowed ; 

Produce their tender progeny, and feed 

With care parental, while that care they need : 

In these loved offices completely blest. 

No hopes beyond them, nor vain fears molest. 

JENTKS. 

The wcmdere of Nature in the insect tribes are 
not oonfined to what is observable in the operations 
of bees. The labours of wasps, thou^ not benefi- 
cial to mankind, are not less mgenious and worthy 
of admiration. — Wasps, like the bees, associate in 
great numbers, and construct a conmion habitation 
^th much dexterity and skill. There are many 
tpede^ ci waspe^ some of which unite into societies, 
▼OL. u. s 
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and others spend tlioir lives in pf rfet^l solitude. But 
I shall confine my attention to the aperations of the 
common associatmg wasp, an insect so well known, 
even to children, that it requires no description. 
Though bees, as well as wasps, are armed with a 
ating, yet the former may be regarded as a placid 
and harmless race. Bees arc continually occupied 
with their own labours. Their chief care is to de^ 
fend themselves ; and they never take nourishment 
at the expense of any other animal. Wasps, on the 
contrary, are ferocious aiiimals, that live entirely 
rapine and destruction. They kill and devour eve 
insect that is inlerior to tliem in strength. But^ji 
though warhke and rapacious in their general man^; 
ners, they are polished and peaceable among them- 
selves. To their young they discover the greatest . 
tenderness and affection. For thiar protection and j 
conveniency no labour is spared ; ai^d the hahitationsv 
they construct do honour to their patience, thor ad-J 
drees, and sagacity. Their architecturej like tliati 
of the honey-bee, is singular, and wortliy of admi-l 
ration ; but the materials employed furnish ndther 1 
honey nor wax. Impelled by an instinctive love of I 
posterity, with great labour, skill, and assidui^, they I 
construct combs, which are composed of hexagonal 
or six-sided cells. Though these cella are not made ' 
of wax, they are equally proper for the reception crfj 
eggs, and for affoixfing convenient habitations to tha 
worms which proceed from them, till ihelr traas< 
formation into wa^s. 

In genera], the cells of the wasps arc formed of | 
kind oi' paper, which, with great dexterity, is fabric 
cated by tJic animals themselves. The number o^ 
combs and cells in a wasp's nest is always propom 
tioned to the number of individuals associated. I>i£, 
ferent species choose different situations for buildingt 
their nests. Some expose their habitations to all thm 
uyuhes of the air ; others prefer the trunks of da* 
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ajed trees ; and others, as the common kind, con- 
eral their nesta under ground. The hole which 
leads to a wasp's nest is about an inch in diameter. 
This hole is a kind of gallery mined by tlie wasps, 
is seldom in a straight line, and varies in length from 
half a foot to two teet, according to tlie distance of 
flie nest from the surface of the ground. When ex- 
posed to view, tlie whole nest appears to he of a 
roundish form, and sometimes above twelve inches 
in diameter. It is strongly fortified all round with 
walls .or layers of paper, die surface of which is 
roi^ and irregular. In these walls, or rather in 
this external covering, two holes are left for passages 
to the ctHubs. The wasps uniformly enter the nest 
by one bole, and go out by the otner, which pre- 
vents any confusion or interniplion to their common 
labours. 

This subterraneous city, though small, is extreme- 
ly populous. Upon removing the estemal covering, 
« perceive that the whole interior part consists of 
leveral stories or floors of combs, winch are parallel 
ta each other, and nearly in a horizontal position. 
Every story is composed of a numerous assemblage 
rf hexagonal cells, very regularly constructed witll 
a matter resembling ash-i'oloured paper. These cells 
contain neither wax nor honey, but are solely de- 
igned for containing the eggs, the worms which are 
hatched from them, tlie nymphs, and the joung 
«asps till they are able to fly. Wasps' nests ai-c not 
always composed of an equal number of combs. 
They sometimes consist of fifteen, and sometimes of 
eleven only. The combs are of various diameters. 
The first, or uppermost, is often onljjitwo inches in 
dinmeter, while tlioae of the middle sometimes exceed 
n foot : the lowest are also much smaller than the 
piiddle ones. All these combs, ranged like so many 
puraUel floors or stories above each otlier, afford 
lodging to prodigious numbers of inhabitants, lleau- 
s S 
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mur computed, from the number of cells in a given 
portion of comb, that, in a middle-sized nest, there 
were at least 10,000 cells. This calculation pves 
an idea of the astonishing prolific powers of these 
insects, and of the vast numbers of individuals 
produced in a single season from one neat; for 
every cell serves as a lodging to no less than three 
generations. Hence a raoderate-azed nest 
oirth annually to 30,000 young wasps. 

The different stories ot combs are always 
half an inch high, which leaves free passages to the 1 
wasps from one part of the nest to another. These 
intervals are so spacious, th^it, in proportion to the 
bulk of the animals, they may be compared to great 
halls, or broad streets. Each of the larger combs is 
supported by about fifty pillars, which at the same 
time give solidity to the fabric, and greatly oma-' 
ment the whole nest. The small combs are sup- 
ported by the same ingenious contrivance. These 
pilars are coarse, and of a roundish form. Their 
bases and capitals, however, are much larger in dia-' 
meter than toward the middle. By the one end 
they are attached to the superior comb, and by the 
other to the inlerior. Thus, between two combs 
there is always a species of rustic colonnade. Th^ 
wasps begin at the top and build downward. Thts 
uppermost and smallest comb is first constructed.' 
It IS attached to the superior part of the external' 
covering. The second comb is fixed to the bottom' 
of the &st ; and, in this manner, the animals pro- 
ceed till the whole operation is completed. The con- 
necting pillars are composed of the fame kind ol 
paper as the wst of the nest. To allow the waspsj 
entries into the t'oid spaces, roads are left between' 
the combs and the external covering. ' 

Having given a general idea of tliis curious edi- 
fice, it is next natural to inquire how the wasps 
6mld, and how they employ tliemselves in their 
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But, as all these mysteries are performed 
under tlie earth, it reqiiireo much industry and 
attention to discover them. By the ingenuity at]<l 
perseverance of Reaumur, however, we are enabled 
to explain some parts of tiieir intemaJ economy and 
manners. This indefatigable naturalist contrived to 
make wasps, like the honey-bees, lodge and work 
in gla£s-hives. In this operaUon he was gready 
asasted by the ardent afiecljon which diese animals 
have for their offspring; for he found, that, though 
the nest was cut in different directions, and though 
it was exposed to the hght, the wasps never deserted 
it, nor relaxed in their attention to their youi^. 
When placed in a glass-hive, they are perfectly 
peaceable, and never attack the observer, if ne calm- 
ly contemplate their operations j for they do not 
tting, unless they are irritated. 

Immediately after a wasp's nest has been trans- 
ported from its natural situation, and covered with 
It glass-hive, the first operation of the insects is to 
repair the injuries Jt has suffered. With wonderful 
activity they carry off all the earth and foreign 
Ixxlies that may have accidentally been conveyed into 
the hive. Some of them are occupied in fixing the 
nest to tile top and sides of the hive by pillars of 
paper similar to those which support the different 
Titories or rows of combs ; others repiur the breaches 
it lias auatained ; and others forti^ it, by augment- 
ing con^derably the thickness of its external cover. 
This ei^tema] envelope is an operation pecuhar to 
wasps. Its construction requires great labour; for 
it frequently exceeds au inch and analf in thickness, 
aud is composed of a number of layers as thin as 
pper, between each of which tliere is a void space. 
This cover is a kind of box for inclosing the combs, 
and delending them from the rtun which occasionally 
]>cnetrates the earth. For llils purpose it is adoii- 
uibly adapted. If it were one solid mass, 0:ie eoa- 
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tact of water would penetrate the whole, and reach 
the combs. But, to prevent this falal effect, the 
animals leave considerable vacuities between eadi 
vaulted layer, which are generally fifteen or sixteen , 
in number. By this ingenious piece of architecture, , 
one or two layers may be moistened with water, . 
while the otliers arc not in the least affected. J 

The materiaJs employed by wasps in the construe- 1 
tion of their nests are very different from those made 1 
use of by bees. Instead of collecting the faiina of ] 
flowers, and digesting it into wax, the wasps gnaw 
with thdr two langs, which are strong and serrated, ■ 
small fibres of wood from the sashes of windows, the 
posts of espaliers, garden-doors, Stc. hut never ' 
attempt growing or green timber. These fibres, 
although very slender, arc often a twelfth part of an j 
inch long. After cutting a certain number of them, j 
the animals collect them into minute bundles, trans- 1 
port them to their nest, and, by means of a glirti- 1 
Bous substance furnished from their own bodies, ' 
form them into a moist and ductile paste. Of this 
substance, or papUr mache, they construct the ex- 
ternal cover, the partitions of the neat, the hesago- j 
I nal cells, and the solid cohimns which support the J 
•everal layers or stories of combs. I 

The constructing of the nest occupies a compara- J 
tively small number of labourers. The others are 1 
differently employed. Here it is necessary to re- 
mark, that die republics of wasps, like those of bees, ' 
conast of three kinds of flies ; males, females, and 
neuters. Like the bees, also, the number of neuters . 
far surpasses that of both males and females. Tho 
"greatest quantity of labour is devolved upon the 
rlieuters; but they are not, like tho neuter bees, the 
only workers ; for there is no part of their different , 
operations which the females, at certain times, do , 
not execute. Neither do the males, though thdr 1 
'mriustry is not comparable to that of the neuters, I 
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It niaia emirelj idle. They are often occupied in 
the interior pari of the nesL The grealest part of 
ihe labour, however, is performed by the neuters. 
They build the nest, feed the males, the females, 
and even the young. But while the neuters are 
employed in these diiferent operations, the others 
are abroad in hunting parties. Some attaek with 
intrepidity live insects, whicli they sometimes carry 
entire to the aest; hut they geneially transport the 
abdomen or belly only : others piUago butcliers' 
slalls, from which they often arrive with a piece of 
meat larger than the half of their own bodies : others 
resort to gardens, and suck the juices of fruits. 
When tliey return to the nest, they distrUjute a part 
uf their plunder to the females, to the males, and 
even to such neuters as have Iwen usefully ot^cupied 
at home. As soon as a neuter enters the nest, it is 
surrounded by several wasps, to each of whom it 
freely gives a portion of the food it has brought. 
Those who have not been hunting for prey, hut 
ha^e been sucking the juices of ihnts, thougn they 
sixm to return empty, fail not to regale their com- 
panions ; for, after Uieir arrival, they staticm them- 
selves upon tile upper part of the nest, and dis- 
diargc from their mouths two or three drops of a 
clear hquid, which are immediately swallowed by 
the domestics. 

The neuter wasps, tliough the most laborious, are 
die smallest; but they are extremely active and n- 
vadous. Tbe females are much larger, heavier, and 
slower in their motums. The males are of an inter- 
mediate size between that of the females and neu- 
ters. From these differences in size, it is easy to 
(bsUnguisb the different kinds of those wasps which 
build the'u* nests below die ground. In tlie hive of 
the honey-bee, the number of females is always ex- 
tremely small ; but in a wasp's nest there are often 
mure thwi three hundred temales, During ^he 
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months of June, July, and August, they remun 
constantly in the nest, and are never seen abroad ex- 
cept in the lieg^nuing uf spring, and in the months 
oT September and October. During the summer, 
they arc totally occupied in laying their eggs and 
feeding their young. In this last operation, they 
are assisted by tlie other wasps; for the femalra 
alone, though numerous, would be insufficient for 
the laborious task. A wasp's nest, when u>mpleted, 
■ometimes con^sts of sixteen thousand cells, each f£ 
which contains an egg, a worm, or a nymph. The 
t^s are white, transparent, of an oblong figure, and 
differ in size, according to the kind of wasps which 
arc to proceed from them. Some of them are no 
larger than the head of a small pin. They are so 
firmly glued to the bottoms of the cells, tliat it is 
with difficulty they can be detached without break* 
ing. Eight days after the eggs are deposited in the 
ceDs, the worms 9Xe hatched, and are considerably 
larger than the eggs wliich gave birth to theoL 
These worms demand the principal cares of the 
.wasps that continue always in the nest. They feed 
them, as birds feed thar young, by giving them, 
&om time to time, a mouthful of fcKjd. It is asto- 
lushiog to see with what industry and rapidity a fe- 
male runs along the cells of a comb, and distributes 
to each worm aportion of nutriment. In proportion 
to the ages and conditions of the worms, they are 
fed with solid food, such as the beUies of insects, or 
■witli a liquid substance disgorged by tlie mother. 
When a worm is so large aa to occupy its whole 
cell, it is then ready to oc mclamorjdiosed into a 
nymph. It then refuses all nourishment, and ceases 
to have any connexion with the wasps in the nest 
It shuts up the mouth of its cell with a fine silken 
cover, in the same manner as the silkworm and other 
caterpillars spin their cods. This operation is com- 
jl^eted in three or four hours, ana the animal re- 
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die njnnph state nine or ten days, when, 
witli its tecUi, it cfestroys the external c»yer of the 
cell, and cunies Ibrlli lu the form of a wingpd insect, 
In a short time, the wasps newly transformed receive 
die food brouD;ht into the nest by the foragers in 
die fields. Wnat is still more curious, in tlie course 
of the first day atter their transformation, the young 
wasps have been observed going to the fields, bring- 
ing in provisions, and distributing thom to the womia 
in the cells. A cell b no sooner abandoned by a 
youBg wasp, than it is cleaned, triimned, and i 



i by an old one, and rendered, in every respect, 
prroer lor the reception of another egg. 

As wasps of diflerent sexes differ greatly in size, 
they know Iiow to construct cells proportioned to the 
£menaoD9 of the fly that is to proceed from the egg 
•inch the female deposits in tliem. The neuters are 
£x limes smaller than the females, and their cells are 
biult nearly in the same proportion. Cells are not 
txAf adapted for the reception of neuters, males, and 
f^ales, but it is remarkable that the cells of the 
neuters are never intermixed with those of the males 
or females. A comb is entirely occupied with small 
cells fitted for the reception ot neuter worms. But 
male and female cells arc often found in the same 
comb. The males and females are of equal length, 
and, of course, require cells of an equal depth. 
But the cells of the males are narrower than those 
of the females, because tlie bodies of the former are 
never so thick as those of the latter. 

This wonderful assemblage of combs, of the pil- 
lars which support them, and of the external enve- 
lope, is an edifice which requires several months' hu 
hour, and serves the animals one year only. This 
habitation, so populous in summer, is almost deserted 



winter, and abandoned entirely in spring ; for, in 
tliis last season, not a single wasp is to be found in a 
nest of the preceding year. It is worthy of remark. 
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ifaat the first combs of a nest are always accommo- 
date for the reception of the neuter or «-orkiDg 
wasps. The citj , of which the foundatitm has just 
been hud, requires a number of workers. The neu- 
ter or working wasps are accordii^lv first produced. 
A cell is no sooner half completed than an egg of a 
neuter is dcpoated in it by the female. Of fourteen 
OT fifteen combs inclosed in a common cover, tlie last 
feur only are destined for the reception of males and 
females. Hence it uniformly happens, that, before 
the males and females are capable of taking flight, 
every wasp''s neat ia peopled with several thousand 
neuters or workers. But the neuters, that arc firrt 
|iroduced, are likewise the first that perish : for not 
WJe of them survives the lerminadon even of a mild 
^winter. 

The female wasps are stronger, and support the 
iigours of winter better than die males or neuters. 
"Before the end of winter, however, se^'e^aI hundred 
lemalcs die, and not above ten or a dozen in each 
survive that season. These few females are de- 
ined for the continuation of the species. Each of 
lem becomes the founder of a new republic. When 
t queen-bee departs from a hive in order to establish 
^a new one, she is always accompanied by several 
iJiousand industrious labourers, ready to perform 
'every necessary operation. But the female wasp has 
"jSot the (ud of a smgle labourer ; for all the neuters 
'are dead before the beginning of spring. The fe- 
male alone lays the foundation of a new republic. 
"She either finds or digs a hole under the earth, Duilds 
cells for the reception of her eggs, and feeds the 
worms which proceed from them. Whenever any 
of these neuter worms are transformed into flie.s, they 
3inmedjate]y assist their parent in augmenting the 
number of cells and combs, and in feedmg die young 
worms, which arc daily hatching from the eggs. In 
a word, thiB female wasp, which in spring tvas per- 
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fecdy solitary, without any proper habitation, and 
had every operation to periomi, has, in autumn, se- 
veral thousands of her offspring at her devotion, and 
is furnished with a magnificent palace, or rather 
city, to protect her from the injunes of the weather 
and from external enemies. 

With regard to the male wasps, it is uncertain 
whedier any of them survive the winter. But, 
though not so indolent as the males of the honey- 
bee, they can be of little assistance to the female; 
fc they never engage in any work of importance, 
sudi as constructing cells, or fortifying the external 
cover of the nest They are never brought forth 
till toward the end of August : and their sole occu- 
pation seems to be that of keeping the nest clean. 
They carry out every kind of filth, and the carcases 
of such OT their companions as hajmen to die. In 
performing this operation, two of tnem often Join, 
and when the load is too heavy, they cut off the 
head, and transport the dead animal at two different 
times. 

In the beginning of spring, when the female wasp 
has built her subterraneous habitation, which is soon 
to be peopled with thousands of flies, she has no 
occasion for the males; because, in the month of 
September or October, she had been previously im 
pregnated. The males and females are produced at 
the same time, and they are nearly equal in number 
Like the male honey-bees, the male wasps are de- 
Btitute of stings, but the females and neuters have 
'stings. 
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I CONCLUDING CONSIDERATIONS ON TU£ 
WONDEKFUL INGENUITY OF CERTAIN 
, INSECTS. 

Deum aamque ire per omnes 
Terrasque, tractusqite maris, ccelumqiie prorunclum. 

VIRBIL. 

For God the whole created fans inspires. dryosk. 

THE association and economy of ants, merit no I 
less attention than those of bees and wasps. With I 
wonderful industry and activity they collect mate- ] 
rials for the construction of tlieu- nest. They unite 
in numbers, and assist each other in excavating the 
earth, and in transporling to their habitation bits of 
straw, small pieces of wood, and other substances o£ 
a similar kind, which they employ in lining and 
supporting thrir subterraneous ^dleries. The form 
of their nest or hill is somewhat conical, and, o^ 
course, the water, when it rains^ runs easily oS, 
without penetrating their abode. Under this luU 
there are many galleries or passages which commu- 
nicate with each other, and resemble the streets of a i 
Kmall city. j 

Ants not only associate for the purpose of con- 
structing a common habitation, but for cherishing ] 
and protecting their offspring. Every person must 
have often observed, when part of a nest is suddenly 
exposed, tlieir extreme solicitude for the preservation 
of their ohrysales, or nymphs, which often exceed 
the size of the animals themselves. With amazing 
dexterity and quickness tlie ants transport then: 
' 8 into the subterraneous galleries of the nest. 
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and place tliem beyond the reach of any c 
danger. The courage and fortitude with which they 
defend their young is no leas astonisliing. The body 
of an ant was cut through the middle, and, after 
suffering this cruel treatment, so strong was its pa- 
rental Section, with its head, and one half of the 
Iwdy, it carried off eight or ten nymphs. They go 
lo great distances in search of proiisions. Their 
roads, which are often winding and involved, all 
terminate in the nest 

The wisdom and foresight of ants have been ce- 
lebrated from the remotest antiquity. It has been 
asserted and believed, for near three tliousand years, 
that they lay up magazines of provisions for the 
winter, and that they even cut off the germ of t!ie 
grain to prevent it from shooting. But the ancients 
were never famed for accurate researches into the na- 
ture and operations of insects. Collections of larvae 
were long mistaken for niagaziues of com and other 
food, which it was supposed the ants deposited in 
granaries for winter consuuiption. But the truth is, 
ants are almost wholly carnivorous; they do not 
feed on com ; they are total strangers to hoarding, 
and none of their cells are constructed for that pur- 
pose. The food which ants appear to rehsh more 
than all others, is an exudation from the bodies of 
several speaes of aphis, insects which abound on the 
plants ui the vicimty of ant-hills. This species of 
iioney is absorbed with great avidity by the ants, 
and apparently without the least detriment to the 
insect that yields it, M. Huberinfonns ua that the 
(idor is voluntarily ^ven out by the aphis, when 
licitcd so to do by the ant, which, for tliat pur- 
i'i«, strites it gently, hut repeatedly, with its an- 



, using 



the same motions as it does when ca- 



■ 'ising its young. A single aphis is sufficient to 
ipply, in this way, many ants with a plentiful 




I 
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Most insects become torpid when their tempera- 
ture approaches the Jreeziiig point. Ants present a 
remartable exception to this rule ; for they are not 
■benumbed till the thermometer has descended five i 
■d^eea of Fahrenheit below the freezing point , 
"They, therefore, have need of a supply of provisionB i 
^during the greatest part of the winter, although they 
'ihea require less than in summer. Tbeir prindpal I 
resource, however, continues still the same, namely, j 
the honey of the aphts. j^d it is remarkable that ^ 
the aphis becomes torpid at precisely the same tem- ' 
perature as the ant ; a coincidence which tends to < 
confirm the opinion that the naliu-al secretiwi of , 
vhich we have been speaking was intended for the 
Bub^stence of ants. 

Ants present us with several striking analogies to ( 
■bees. In each of them we distinguish three modifi- i 
cations of sex, the males, ihe females^ and the im- | 
"perfects, or labourers. The latter are, with respect j 
to sex, in the same condition as the working bees; ' 
.that is, they are females in which the distinctive , ' 
organs are not develc^)ed, and which are, tlierefore, 
ibarren. In each hive of bees, however, there is but j 
■One queen permanently ; whereas a great number of | 
queens, or temale ants, arc met with, hving in the i 
utmost harmony, in the same nest, | 

The ditferent species of ants are distinguished j 
from each other by great diversities of manners. I 
■This is especially manifested in the construction rf J 
Aeir habitations. Some employ merely earth as the 
'Material ; others fragments of leaves, of bark, or of 
Btraw; others nothing but pulverized portions of 
decayed wohxI. The hrowii ant exhibits the most 
■perfect specimens. Their nests are formed of pa- 
Tallel, or concentric stories, eath four or five lines in 
'height; the partitions bang about half a hne in 
thickness, and having their interior perfectly smooth. 
Each of these stories contains chambers Drdificrcnt 
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fttzes, having long galleries of communtcation. The 
ceilings of die larjfer species are suppoHed by small 
[ullam, sometimes by slender walls, at others by 
arches. The smaller cells, and the larger ones, or 
halls, with pass^es of communication, are most skil- 
fully distrituted, many of the latter converging to- 
wanls one larger area, hkc streets towards a market 
place. The whole nest frequently contains twenty 
of these stones, in which the workmanship and ar- 
rangement of every part, are calculated to excite our 
admiration '. 

Beside the associating insects, whose operations I 
have described, there are several species of bees di- 
ninguished by the appellation of solitary, because 
they do not associate to carry on any joint opera- 
tions. Of this kind is the mason-bee, so called be- 
csu&C it builds a habitation composed of sand and 
mortar. The nests of this bee are fixed to the Walls 
of houses, and, when finished, have the appearance 
of irregular prominences arising from dirt or clay 
BJcddentally tnrown against a wall or stone by tlie 
feet of horses. These prominences are not so re- 
markable as to attract attention; but, when the ex 
temal coat is removed, their structure « discovered 
to be truly admirable. The interior part consasts of 
an assemblage of different cells, each of wliich affords 
a convenient lodgement to a white worm, very simi- 
lar to those produced by the honey-bee. Here they 
remain till they have undergone all their metamor'- 
phoses. In constructing this nest, which is a work 
of great labour and dexterity, the female is the sole 
operator. She receives no a.sgistance from the male. 
The manner in which the female mason-bees build 

I For much curious infnrnialinn relaliie Cu the manners 
'baUu of ants, see M. Ruber's Recherches sur in Mouti 
PoarNm Indigenes, Paris 1810, and avery able Analysis 
'-' ifmk ui ttacEdinb. Rer. vol. xx, p. I4^- 
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their nests is tLe most curious branch of th^ hit 
tory. 

J^et choosing a part of a wall on which she i 
resolved to fix a habitation for her future progeny 
slie goes in quest of proper materials. The nest t 
be constructed must consist of a. species of morta 
of which sand is the basis. She knows, like hums 
builders, that every kind of sand is not equally pn 
per for making good mortar ; she goes, thereton 
to a bed of sand, and selects, grain by grain, th 
kind which is best to answer her purpose. Wit 
her teeth, which are as large and as strong as thos 
of the honey-bee, she examines and brings togethe 
several grains. But sand alone will not make moi 
lar; recourse must be had to a cement similar t 
the slaked lime employed by masons. Our bee { 
unacqu^nted with Cmc, but she possesses an equi 
Talent in her own body. From her mouth ah 
tlirows out a viscid liquor, iiith which she moisten 
the iirat grwn pitched upon ; to this grmn she ce 
jments a second, which she mrastens in the sam 
jnarmer, and to the former two she attaches a third 
and so on, till she hiu^ formed a mass as large as & 
shot usually employed to kill hares. Tliis mas 
she carries off in hor teeth to the place she hat 
chosen for erecting her nest, and makes it the founda 
.tion of the first c3l. In this manner she labours in 
cessantly till all the cells are completed, a wmrl 
.which is genersdly accomplished in nve or six dayi 
All the cells are sunilar, and nearly equal in dimen 
eions. Before they are covered their figure resem^ 
bles that of a thimble. She never begins to make . 
second till the first be finished. EncTi eel! is abou 
an inch high, and nearly half an inch in diameter, 
But the labour of buildmg is not the only one thi 
female bee has to undergo. When a cell has been 
raised to two-thirds of its height, another occupa. 




On the Ingenuity of cei-tain Insects. 17 

lion commence. She gcems to know the quantitj 
otfood that wtII be necessary to nourish tlie young 
that is to proceed from tlie egg, from its exdusioti 
till it acquires its full growth, and passes into the 
chrysalis state. The food which is prepared for the 
■upport of the young worm consists of the farina or 
powder of flowers diluted witii lioney, which forms 
a kind of j>ap. Before the cell is entirely tinished, 
the mason-bee collects from the flowers, and deposits 
in the cell, a lai^ quantity of farina, and afterward 
(li^orses upon it as much honey as dilutes it, and 
funns it into a kind of paste, or syrup. When this 

rtion is performed, she completes her cell, and, 
depositmg an £^ in it, covers the mouth of it 
with the same mortar she uses in building her nest. 
The egg is now inclosed on all sides in a walled ha- 
bitation hermetically sealed. A small quantity of 
»ir, however, gets admission to the worm, otherwise 
it could not exist. Reaumur discovered that air 
actually penetrated through this seemingly compact 
Qusonr-work, 

As soon as the first cell is completed, tlie mason- 
bee lays the IbundaDon of another. In the same 
nest she often constructs seven or eight cells, ajid 
sometiinea only three or four. She places them near 
tach other, but not in any regular order. This in- 
dustrious animal, after all her cells are constructed, 
filled with provisions, and sealed, covers the whole 
with an cnvebpe of the same mortar, which when 
dry is as hard as a stone. The nest now is eom- 
ntonly of an oblong or roundish figure, and the ex- 
lemal cover is composed of coarser sand than that dl 
the cells. As the nests are almost as durable as the 
walls on which tliey are placed, tljey are often, in 
tlie following season, occupied and repaired by a 
itianger bee. Though inclosed with two hard 
walls, when the fly emerges from the chrysalis state, 
it first gnaws n-ith its teeth a passage xlirou^\ ^ 
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wall that sealed up tht mouth of its ccU ; afterward, , 
with the same iiDitrumeiits, it pierces the still stronger I 
and more compact cover wliich invests the whole 
nest; at last it escapes into the open air, and, if a< 
female, in a short time, constructs a nest of tlie same 
kind with that which the mother had made. To aU 
these facts, Du Hamel, Reaumur, and many other 
naturalists of credit and reputation, have t>een re- 
peatedly eyewitnesses. 

From tLe hardness of the materials with which \ 
the mason-bee constructs her nest, irom the industry ' 
and dexterity she employs to protect her progeny i 
from enemies of every kind, we may naturally ima« ' 
^ne that the young wmtos were in perfect safetv, , 
and that ^eir casde was impregnable. But, notwilJi- i 
.standing all these favourable precautions, the young I 
of the mason-bee are often devoured by the instiao- 
tive dexterity of certain spe«es of four-winged in- 
sects, distbguished by the name of ichneumon flics, 
'These flies, when the mason-bee has nearly com- 
pleted a cell, and filled it with provisions, depo^ 
their own egm in her cell. After the eggs oi the 
ichneumon thes are hatched, their worms devoiff 
not only the proviaons hud up by the mason-bee, 
but even her progeny which she had laboured so 
hard, and with so much art and ingenuity, to pro- 
tect. But the mason-bee bos an enemy still more, 
formidable. A certain fly employs the same strata*, 
gem of insinuating an egg into one of her cells bet- 
Tore it ia completed. From this egg proceeds ft 
strong and rapadous worm, armed with prodigious 
fangs. The devastations of this worm are not con- 
fined to one cell. He often pierces through each cell 
in the nest, and successively devours both the mason- 
' worms, and the provisions so anxiously laid up fur 
tlieir support by the mother. This stranger worm 
is afterward transformed into a beede, which is en^ 
Wed to pierce the neat, and to make its escape. 
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' The operations of another species of solitary bees, 
c^Ied wood-piercers, Iikcmse merit attention. These 
hee% are larger than the queens of the honey-bee. 
Their bodies are smooth, except the sides, which 
are covered with hair. In the spring, they frequent 
SBldens, andsearchforrotten, or at least dead wxkJ, 
IB order to make a habitation for their young. 
When a female of this species (tor she receives no 
asastance from the male) nas selected apiece of wood 
or a decayed tree, she commences her labour by 
making a hole in it, which is generally directed to- 
ward the axis of the tree. When she has advanced 
Aaat half an inch she alters the direction of the 
hde, and conducts it nearly parallel to the axis of 
Hk wood. The size of her body requires that this 
hole should have a considerable diameter. It is 
• ften so large as to admit the finger of a man, and 
i; sometimes extends from twelve to fifteen inches in 
length. If the thickness of the wootl permits, she 
ms£es three or four of these long holes in its inte- 
ffior pai^. Reaumur found thi-ee of these parallel 
boles in an old e-spalicr pwt. Their diameters ex- 
Meded half an incfi. This labour, for a single bee, 
is prodigious ; but, in executing it, she consumes 
weeks, and even months. 

Around tlie foot of a post or piece of wood where 
one of these bees is working, little heaps of timber- 
dust are always found lying on the ground. These 
beans daily increase in magnitude, and the particles 
of cuist are as large as those produced by a hand-saw. 
The two teeth with which the animal is provided 
are the only instruments she employs in making such 
tonsiderable perforations. Each tooth consists of a 
■ulid piece of shell, which in shape resembles an 
irycr. It is convex above, concave below; and 
' iinin^tes in a sharp but strong point. 

These long holes are designed for lod^gs to the 
forms that are to proceed from the eggs ■wtvvc\v "^e 
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bee 13 soon to deposit in them. But after the holes 
are finiiihed, lier labour is by no means at an end. 
The eggs must not be mingled, or piled above 
each other. Every separate worm must have a 
distinct apartment, without any conmninicatiou with 
the others. Each long Iiole or tube, accordingly, ia 
only the outer waits ofa house which if^ to conust of 
many chambers raised one above another. A hole 
of about twelve inches in length she divides into ten 
or twelve separate apartments, each of which is abou( 
an inch high. The roof of the lowest room is the 
floor of the second, and so on to the uppermost. 
Each floor is about the thickness of a French crown. 
The floors or divisions are composed of particles of 
wood cemented together by a glutinous substance 
irom the animal's moutli. In making a floor, sh^ 
commences with gluing an annular plate of wood- 
dust round the internal circumference of the cavity. 
To this plate she attaches a second, to the second B 
third, and to the third a fourth, tiU tlie whole floor 
is completed. The undermost cell requires only a 
roof, and this roof is a floor to the second, Scc. 

I have hitherto described the wonderful assiduity 
of this animal in constructing her cells. But this 
operation, though great, and seemingly supeiior tp- 
tue powers of a creature so small, is not her only 
labour. Before roofing in the first ceil, she fills it 
with a paste or pap, composed of die farina of flow- 
ers moistened witli honey. The quantity of paste 
is equal to the dimensions of the cell ; and into 
this paste, which is to nourish the future worm, she 
deposits an egg. Immediately after this operation, 
Bhe begins to lorm a roof, which not only incloses 
llie first cell, but sen-es as a floor to the second. 
The second cell she likewise fills with paste, deponts 
an egg, and then covers the whole with another 
roof. In this manner she proceeds, till the whole 
tube is divided into separate cells, when the bua- 
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ness of this laborious l)ee is finished, and she takes 
no more charge of her future progeny. The atten- 
tion and solicitude bestowed by many other animals 
in rearing their young, are exerted after birth; 
but in the wood-piercing bee, as well as in monT 
other insects, this instinctive attachment is reversea. 
All her cares and labours are exerted before she 
either sees her offspring, or knows that they are to 
exist. But, after the description that has been riven 
of her amazing operations, she will not be considered 
as an unnatural mother. With astonishing in- 
dustry and perseverance, she not only fumislies her 
young with safe and convenient lodgings, but lays 
up for ihein stores of proviaons sufficient to sup. 
port tbem till thdr final metamorphose into flies, 
when the new females perform the same almost in- 
credible operations for the protection and sustenance 
of their own offspring. When the young worm is 
hatched, it has scarcely suRident space to turn itself 
iu the cell, which is almost entirely filled with the 
pappy substance fonnerly mentioned. But, as this 
substance is gradually Jevoured by the \foim, the 
space in the cell necessarily enlarges in proporlJou to 
the growth and magnitude of the animal. 

In a range of cells, the worms are of different 
ages, and, of course, of different sizes. Those in 
the lower cells are older than tliosc in the superior ; 
because, after the I)ee has filled with paste and in- 
closed its first cell, a considerable time is requisite to 
collect provisions, and to form partitions for every 
euccessive and superior cell. The former, there- 
fore, must be transformed into nymphs and flies 
before tlie latter. These drcumstances are appa- 
rently foreseen by tlie common mother; for, if the 
undermost worm, which is oldest, and soonest trans- 
formed, were to force its way upward, which it 
could easily do, it would not only disturb, but in- 
faUibly destroy all those lodged in the superior cells. 
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But nature has wisdy prevented this devastation; j 
for the liead of the nympli, and consequently of the 
fly, is always placed in a downward direction. Its j 
first instinctive movements must, therefore, be io. | 
tte same direction. Tliat the young flies may J 
escape from th^r respective cells, the mother digs a^4 
hole at the bottom of tlie long tube, wliich mokeg a 1 
communication vrith the undermost cell and tlie ' 
open air. Sometimes a siniilai' passage is made I 
near the middle of the tube. By this contrivance^ 
as all the flies instinctively endeavour to cut tbdr 
way downward, they find an easy and convenient | 
passage; for they have only to pierce the floor of 
their cells, which they readily perform with th^ J 
teeth. J 

Another small species of solitary bees dig holes in 1 
tile earth to make a convenient habitation for their 1 
young. Their nests are composed of cylindrical l 
cells fixed to one another, and each of them, in ' 
flgure, resembles 11 thimble. Their bottom, of course, . 
is convex and rounded. The liottom of the second , 
b inserted into the entry of the first ; and the entry 
of the second receives the bottom of the third. Soroe-» 
times only two of these cells are joined together; 
and, at other times, we find three or four, which 
form a kind of cylinder. This cylinder is composed 
of alternate bands of two difierent colours : iJiose of 
the narrowest, at the juncture of two cells, are 
■white, and those of the bi-oadest are of a reddish 
brown. The cells consist of a number of fine mem- 
branes, formed of a glutinous and transparent sub- , 
stance from tiic animal's mouth. The bee fills each i 
cell with the farina of flowers diluted with honey, J 
and in this paste she deposits aa egg. She then ] 
covers the ceU, by gluing to its mouth a fine cellular 1 
substance taken Irom the leaves of some plant; and ■ 
in this manner she proceeds t'dl her cylindrical nest 
18 completed. The worms which are hatched firoui 
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the ^gs feed upon the paste, so carefully laid up 
far them by the mother, till they are transformed 
into flies similar to their parents. 

Among wasps, as well as bees, there are solitary 
species, which carry on no joint operations. These 
flolitary wasps are not less ingenious in constructing 
proper habitations for their young, nor less provi- 
aent in layii;]^ up for them a store of nourishment 
sufficient to support them tiU they are transformed 
into flies, or have become perfect animals. 

I shall conclude this paper with observing, that 
srane of the ancient philosophers, and, in particular, 
Pytha^ras and Plato, were so struck by the won- 
d^rfiil ingenuity displayed in tlie operation of bees, 
that they thought them endued, not merely with in- 
stinct, but with something of celestial intellect. To 
this idea Viigil thus alludes : 

His^uidam signis, atque haec exempla secuti. 
Esse apibus partem divinae mentisj et hausius 
JSthereos dixere^ 

Induced by such examples, some have taught 

That bees have portions of ethereal thought j 

Endued with particles of hi^v'uly fires. dk ydeit. 
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SUMMER REFLECTIONS. 

From briahtening fields ofetber rairdi^claied, 

ChiW of ihc Sun, refulaenl Summer comes, 

In ptide of yoiilh, and ftll through Nature's deplli = 

He comes attended by the sulirv Hours, 

Aod ever-fanning Rtccics, on his mj ; 

While, from his ardent look, the turning Spring 

Averts her blushful facej and earth and skies 

All smiling, to his hot domimon (raves. THOMtOH. 

Mow jocund Summer, with her honied brcalli. 
Sweetening the golden grain and blilhsome gale, 

ni-iplpys her Buii-bmnt face. 

Beneath her hat of straw. headlet. 

IN the month of May tlie Spring glows with ' all 
the mixtures of colorific radiance," and before the 
€3tpiration of June that season commences when 
opening beauty and increasing variety are succeeded 
by the more uniform st:enes of maturity and perfec- 
tion. 

The Summer season, which commences on the 
twenty-first of June, is so distinguished by a uni- 
formity of character, that, as I have obsen'cd be- 
fore, the great poet of the Seasons has comprised the 
whole of his description within the limits of a ^ngle 
day. To give importance, moreover, to a season, 
in other respects so unproductive of subject, hismuse . 
has spread ner flight to the torrid zone, and enriched 
her landscape with foreign beauties and exotic won- 
ders. 

Nature, in our temperate regions, appears in this 
season to have nearly finished her annual work ; and 
she bea^s to lose sometliing of her variety. No- 
thing, indeed, ca& be more oeatitiful than the ver- 
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dure of the orcliards and woods, but the sliades of 
hue which they exliibit are no longer so agreeable. 
The meadows begin to whiten, ana the flowers that 
adorn them are mowed down. The com gradually 
assumes a yellow hue, and the colours that decorate 
the rural scene are no longer so numerous. How 
l.itcly did the glowinj^ beauty and variety of these, 
■'iih the notes, as various, of a multitude of birds, 
!]iplay at once all the charms of novelty, and inspire 
;:iexpressible delight! 

It is in the novelty of objects, indeed, in their 
^qteaiing at least to be new and uncommon, that the 
more exquisite enjojineot oi' them conusts. Novelty 
eicites a pleasure in the imagiDatioa, because it 
ffirikca the soul with an agreeable surprise, gratifies 
its citrio»(y, and ^ves it an idea of which it was 
not poaaecaed before. It contributes, therefore, to 
rary human hfe : it tends to divert and refresh the 
mind, and to take off that satiety of which we are 
apt to eompbun in the ^Rterlaiiiments to which we 
SK constantly accustomed ; it is that which ^ves its 
charm to variety, where tlie mind is every instant 
called off lo something new, and the attention not 
nifiered to dwell too long, and waste itself, on any 
particular object. Novelty, moreover, improves 
whatever is lieauti&l and pleasing, and makes it 
afibrd to the mind a double entertainment. 

Hence we may deduce the reason why the groves, 
and fields, and meadows, which, at any season of the 

, Tear are deUghtful to the xiew, are never Toare so 
than in the opening of Spring, when they are all 

' new and iresh, with their nrst gloss upon tnem, and 

ibot ytX too familiar to the eye. But hi Summer, 
in proportion as wc advance towiu-d Autumn, these 
ptea^g effects insensibly decrease ; the song of the 
Ini£>htingale is no longer heard ; and that iavourite 
cojo3rment of the country, a walk through fields of 
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verdure, becomes inconvenient and unplcasing, on 
Account of the great heat which sotnetiDicB prevails. : 

Vet Summer has still ineKpressihlc charms, and j 
exhibits proofs every day of the unbounded goodness ' 
of the great Creator. It is that season of felicity in I 
which he dispenses his blessings more abundantly to ' 
every hving creature. Nature, after having reani- ' 
mated and enlivened us by all the pleasures of Spring, 
is incessantly employed, during Summer, to provide ( 
tliose enjoyments ivhtch are most agreeable to the 
senses, to facilitate the means of subsistence, and to I 
excite in our breasts the correspondent sentiments of 
gratitude and love. 

What can be more delightful than to view the 
waving (lelds of corn just bending to the ^ckle ! 
what theme can so powerfully call lorth the song of 

E raise to the God of Haevests! How innocent, 
ow grateful, the employment of the reaper ! 

Waked by the genilegleaming& of the mom, 
Somi clBd, the reaper, pmvidcut of want. 
Hies cheerful-heaned to the ripcnn! field ; 
Nor hastes slnne ; attenilant b<^ his cide 
His faithful wife, sole pariner of hrs carea. 
Bean on her breast the ileepin^ babe ; bcbinil 
Wiih 5le|)B unequal trips her inffliif tisin : 
Th'ice happy pair, in lore and labuur join'd ! — 
All day ihey ply iheir tasb ; with mutual chat 
Beguiling each the sullry, lediuui houri. 
Around them falls in lowa the levered corn. 
Or the shockii rise in regular array- 
But when high noon inviiea lo short repstt. 
Beneath the shade of sheltering thorn they sit, 
IHiidelht: simple meal, and, drain the cask: 
The swinging cradle lullt the wliirnp'riug babe 
Mcaiitimej while groivting round, if at the treat] 
Of hasty passenger alarmed, ai of iheiralorc 
Prolccuvc, stalks the cui with bristling back, 
To guard tliescaniy scrip and tus^et frock'. 

' While's Sclborne, vnl. ii, p. 3+3. 
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Agreeably to the method I have adopted, of en- 
ichiiig these discussions with poetical description, I 
hall here present my readers with the most striking 
oris of a summers day, which, not to multiply 
[Dotations, I shall select only from the poet of the 
lessons. 

MORNING. 

When now no more th' alternate Twins are fired, 
And Cttncer reddens with the solar blaze. 
Short is the doabtful empire of the Night, 
And soon^ observant of approaehing L^y, 
The meek-eyed Morn appears, niotner of dews. 
At first faint-gleaming in the dappled east: 
And, from before the Instre of her face. 
White break the clouds away. With quickened step. 
Brown Night retires : Young Day pours in apace. 
And opens all the lawny prospect wide. 
The dripping rock, the mountain's misty top. 
Swell on the sight, and brighten with the (fawn. 
Blue, thro* the dusk, the smoking currents shine; 
And from the bladed field the fearful hare 
Limps, awkward : while along the forest glade 
The wild deer trip, and often turning gaze 
At early passenger. Music awakes 
The native voice of undissembled joy; 
And thick around the woodland hymns arise. 
• • « • • 

But yonder comes the powerful King of Day, 

Rejoicing in the east. The lessening cloud. 

The kindling azure, and the mountain brow 

Illumed witn fluid gold, his near approach 

Beuiken glad. Lo \ now, apparent all. 

Aslant the dew-bright earth, and coloured air. 

He lrK>ks in boundless majesty abroad ; - 

And sheds the shining day, that burnished plays 

On rocks and hills, and towers, and wandering streams, 

High gleaming from afar. 

FORENOOK. 

Now, flaming up the heavens, the potent Sun 
Mel is into limpid air the high-raised clouds. 
And morning foes, that hovered round the hills 
In party-coloured bands ; till wide unveiled 
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el, From wlicre earlh see 
I meet ihc benditig iphcc 



Til raging noon g and, vertical, ihe Sun 
Dirts on tile head riirecl bis forceful rays. 
O'er heaven and earth, far as the ranging eye 
Can sweep, a dazzling delude reigng ; and all. 
From pole to pole, it undtEtinguished blaze. 
Id vain the usht, dejecled to the grouod. 
Stoops for relief) theoce hot OEOending steams 
And keen reflection pain. Deep to the root 
Of veeetation parched, the cleavinfc fields 
And Nippery lawa an arid hue disclose. 
Blast Fancy a blooms, and wither e'en the soul, 
£cho no more returns the cheerful sound 
Ofaharpening lithe; the mower sinking heaps 
O'er him the humid hay, with flowers perfumed ; 
And scarce a chirpinf; graishopper is heard 
Thro' the dumb mead. Distressful Nature pants. 
The very Blreams Iiiok lansuid from afar ; 
Or, thro' th' unsheltered clade, inipatieni, seem 
To hurl into ihe covert of the grove. 



TTie Sun has lost his rage 1 His downward orb 

Shoots nothing now but animating warmth. 

And vital luiitte ; that, with various ray. 

Lights np the clouds, those beauteous robes of heaven. 

Incessant tolled into romantic shapes. 

The dream of waking Fancy 1 Broad below. 

Covered with ripening fruila, aiid swelling fast 

Into the |)erfect year, the pregnant earth 

And all her tribes idoice. Now the soft hour 

or walking con " 

To geek the disl 
With Nature. 

[xiw walks the SuR, and broadens by degrees, 

Juit o'er thevei^e of day. The shifting clouds 

Anaembled gay, a richly- gorgeous train. 

In all their pomp attend nis setting throne. 

Air, earth, and ocean smile immense. And now 

As if his weary chariot soueht the bowers 

Of Arophiirile and her tending nymphs 
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(So Grecian fable tung) fae dip* hii orb ( 
Now balf im mcried ; tiul now a goUeo curve 
GivM one bright glance, ihcD toia[ diMppeaiB. 

CoDfeued ffom ^nder iIow-extingaiBhcd doiuk. 
All ether Mrftening, sober Eveoing Uhu 
Her wonted tUtion in the middle air, 
A ihousanJ ikndoiet at her bech. Fir*l Ikii 
She tends on earth ; then thai of deeper die 
Steah tnfl behindj and then a deeper iiill, 
In circle following circle, gathers round. 
To cloie the face of thinK<- A fresh«r pile 
Begini ID wave ihe wpDcH and itir ibe gtream, 
SiTCcping with shadowy gust the fields of corn ; 
While ihe anail clamoun for bis inaniug mate. 
Wide o'er Ine ihislljlaivn, ai swells the Diene, 
A wbiteniog shower of TOjetabledown 
Amusive floats. The It indim partial caie 
OfNatatenou^tdiHlaiD): ihoughtTul to fe«d 
Her loneat ions, and clothe the coming yCBTi 
Fropi Geld to fidd the feathered seed slie wings'. 



Among the crooked lanes, on every hedge. 

The glowworm lights his gem ; and, thro' the dark 

A movioe radiance twinkles. Evening yieldt 

The world to Night ; not in her winter robe 

Of massv Stygian woof, but looM arrayed 

In mantle dnn. A faint eironeoas ray. 

Glanced from ih' imperfect surfaces of things, 

' The late lamented Kikkb Wbitk has peiKilled ih~ 
' Suimner's Eve' with great truth and delicacy :— 
Down the sultry arc of day 
The burninE wiieejs have urged their way. 
And Eve, aloug the «—•— " -i-^-- 



Sheds her intermingling dyes. 
Down the deep, the miiy lane. 
Creek ing comes the empty wain. 
And driver on the shaft-horse sits. 
Whistling now and then by fits ; 
And oft, with hia accustomed call, 
Urging on the sluggish Ball. 
The barn is still, the master's gone. 
And thrasher pots Jiis jacket on ; 
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Flings half an image or 
While wavering woods 






raining eye ; 
nn villages, and srteain^, 
tops, I hat long retained 



Th' ascending gl< 

Uncertain if beheld. Sudden lo heaven 
Thenee weary vision turns; wiiere, leading soft 
The silem huuTSof love, with purest ray 
Sweet Venus shines i and from her genial rise. 
When dayhght sickens till it springs afresh 
Untivalled reigns the fairest bmp of night. ■ 

These priacipal parUof a summer's day, but more 
particularlj' nioming, evening, and night, have beea 
the lavounte thi'ine of poets, from the most remote 
antiqutW, Each has sonietliing picturesque and 
beautiful that affects e\:^y sense with unspeakable 
pleasure ; particularly the sight, which is tlie most 
perfect ana most delightful of all our senses: which 
fills the mind with the greatest variety of ideas; 
converses with its objects at the remotest distance: 
and continues the longest in action without being 



Here comes shepherd Jack at last. 
He hat penned the sheep-cote fui. 
For 'twas but Iwo nights before 
A lamb was eaten on the moor j 
His emptv wallet Hover carrier. 
Not for Jack, when near home, tarri< 

' With lolling tongue he runs to try 

\ If the horse-trough is not dry. 

k ,The milk is seuled in the pans. 
And supper messes in the cans i 
In the iwvet, carta are wheeled. 
And both the colls are drove a- Held ; 
The horses all are bedded up. 
And the ewe is with the tup. 

J The snare for Mister Fox is set. 
The leaven hid. the thatching wet ; 
And Bess has slinked away to talk 

^"Wlth Roger in the holly walk. 



a Moonlight Scene, in No. 



Summer R^tr0dmt: 

tired or satiated with its proper enjoyments. Besidtf 
the glowing colours of the iiowcrs, and the stJU en- 
livening verdure of the woods, the eye beholds an 
innumerable quantity of fruits, which, by virtue of 
the secret laws of Nature, grow in our fields and 
gardens, and which, after thus delighting the sense 
of vision, may be gathered and preserved, to contri- 
bute to our subsistence. The flowers present to our 
senses the most agreeable diversity : we not only 
admire the richness of their attire, but the fecundity 
of Nature in the numberless species of them. Wh^ 
variety too, what beauty in every plant, from tlie 
lowly mosB to the towering oak! If we wander from 
flower to flower, the eye la still unsatiateil with the 
view. If we ascend the highest mountains, pierce 
into the midnight depth of the groves, or descend 
into the spacious vale, we discover new beauties 
niread aroiind in wonderful profusion. Of the in- 
Dtiity of objects that strike the eye, each is diflercnt 
from the other ; but each has in itself sufficient 
beauty to attract and to fix our attention : yondei- a 
distant prospect, terminated by a beautiful horizon ; 
here the ricli and variegated landscape : there herda 
of cattle and flocks of sheep ; here flowers and 
plants, ' beyond the power of botanist to number 
up their tribes.'' If we lift up our eyes, we behold 
the blue concave, refulgent and serene. Adverting 
to the landscape around, the eye, just dazzled by 
celestial radiance, is cheered again by the bright 
verdure of the fields. 

Nor is the sense of hearing unaffected by the uni- 
. prsal charm ; it is still enraptured by the music of 
:he woods. The murmiirings too of the brook, or 
of the silver waves which the river rolls in its ma- 
jestic course, are pleasing to the ear. 'I1ie taste is 
gratified by the early fruits that ripen in this season, 
md which, exclusive of their pleasing flavour, have 
ihe nioet cooi'mg salutary virtues. The sctvw cS ' 
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ttkellhig is delighted with the fragrance diiTused from 
all around. In a varA, & thousand objects exercise 
our senses, and excite our sensibility. The flocks 
■nd herds, nourished by the lavish hand of Nature, 
crop the wholesome hero, to afford us nutriment xaA 
clothing. Kindly nuns bedew the soil with plenty, 
and open new sources of thank^ving. l"he tul\ed 
trees and bowery thickets retired us with their wel- 
come shade. Whatever we see, and whatever we 
hear; whatever can delight the taate, or the sense of 
snteUing, augments the number of our pleasures, 
■nd ccHitributes to felicity. 

But a view of the creation at this season is still 
more enchanting, when considered as a source of 
pleasure to the understanding, whidi disco\'ers what 
the senses cannot att^n: it contemplates beauty, 
Iiarmony, variety, and pleasure unperceived before. 
In every object of Nature, it beholds the great 
Creator of all, the Source of life and beauty, the 
Author of every good. Inspired by scenes, in which 
infinite wisdom and unbounded gnodnei's are inces- 
■antly cooapicuous, with what raptiu-e will the Con- 
templative Fliilosopher, die genuine son of Nature, 
exalt hia voice to heaven, in the glowing language 
trf" gratitude and adoration : " Yes ! (he may ex- 
dfum) Thou Best erf" Beings .' how unutterable is 
thy goodness '. I behold thee in all thy wondrous 
Torks. The radiant orb of day, and, in the night, 
the silver moon, and all tlie stars, the life-infiiung 
■una of other worlds, proclaim tlie Great Omnipo- 
tent. In the balsamic fragrance of the flowers I 
behold that inccnae rise, which, in mingled clouds, 
they roll aoft to thee, ' whose sim exalts, whose 
breath perfumes, and whose pencil paints them.' 
In the dehcious iruits I taste, I perceive thy unoon- 
fcied and unexlkausted bounty. Whatever pleasures 
I enjoy by the kind communication of my senses, 
stall recall me to thee, as the object of devout and 
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fervent aspiration ; and tliou, most adorable Being, 
wbo gavest me these sensations, wilt thus exalt and 
ennoble tltem. While I aiji still intent in contem- 
plating these material beauties, I soar insensibly to 
the most sublime objects, to the centre of all per- 
fection. Yes ! Thou Good Supreme, thee I in- 
voke, thee alone adore ! To thee this lonely spot, 
this pleasing solitude, these rural thoughts are sau^ 
while tlius I meditate on thy works, and contem- 
plate the beauties which all resolve in thee, thou 
source and principle of beauty and perfection ! " 

Such are the natural effusions of the Contem- 
plative Philosopher, when his eye wanders over the 
beauties of the Summer. And wliat pleosiu^ and 
serenity do such meditations inspire ! Can any ter- 
restrial enjoyments be placed in competition with 
die manly sources of delight which they afford? 
Can the wise and virtuous be ever satiated with 
such themea ? No : were they to witness the revo» 
lution of a thousand Sunmicrs, they would still dis- 
cover new objects of admiration, and new subjects 
ff pTtdse and adoration. 

FoT me, when I forget the darl ins theme, 
"Whether the bloasom blows, the Summer ray 
Ruisets the plain, inspiring Autumn gleaniB, 
Oc Winter rises in the blackening east. 
Be my tongue mule, may Fancy painl no mor«. 
And, dead lo joy, forget my heart to treat ! 
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M fhe Centemp/ative Philosopher, no. xlii. 
No. XLII. 

A MORNING WALK. 

Look, love, what envious sireaks 
Do lace the severing clouds In ponder east : 
Night's caoclles arc pot out; ami jocunil Day 
Stand) tiptoe on the misty moimtiiin's top. 

3HAKSFEARB. 

Sweet h the breath of Motn, her rising sweel. 
With charm ofearlieal birds ; pleasant the Sun, 
When first'OD this delightful land he apreada 
Hia- orient hcBlhs^on herb, tree, fruit, and flower. 
Glistering wiih dew. miltow. 

WHAT a magnificent phenomenon U every day 
exhibited in the nsingof the sun ! yet how c»mmDn 
is the observation, that indolence and the love of 
pleep prevent a great part of mankind from contem- 
plating this beauteous wonder of the creation! What 
niimbors are there, in high life especially, who pre- 
fer a few more hours of Seep to all the pleasures of 
a momlns walk ! i 

This cu-cumstance has been ridiculed with great ' 
propriety by one of my predecessors : ' This unac- 
countabte disposition in mankind, to continue awake 
in the night, and sleep in the sunshine, has made me 
inquire, whether the same change has happened to 
any other animals? For this reason, 1 desired a 
friend of mine in the country to let me know, whe- 
ther the lark rises as early as it did fonnerly, and 
whether the cock be^ns to crow at liis usual hour ? 
My friend lias answered me, That his poultry are 
as regular as ever, and that all the binls and the 
beasts of his nei^bourhood keep the same hours 
that they have obser>ed in the memory of man ; and 



NO. TtLtt. A Morning Walk. 

the sanie whicb, in all probability, they have kept for 
ihese five Uiousaud years-' 'Ine same excellent au- 
thor continues, in a more serious strain, ' Who 
would not wonder at this perverted relisli of tliose 
who are reckoned the most polite part of mankind, 
thai prefer coal and candles to the Sun, and excliaoge 
so many cheerful mornini; hours, for the pleasures 
of midnight revels and debauches ? If a man were 
onlv to consult his health, he would choose to, live 
his whole time, if posable, in daylight, and to re- 
tire out of the w urld into silence and sleep, wliile the 
raw damps and unwholesome vapours fly abroad, 
without a sun to disperse, moderate, or control 
them. For my own part, I value an hour in the 
morning as much as common libertines do an hour 
at midnight. When I find myself awakened into 
being, and perceive my lil'e renewed within me, and, 
St the same time, see the whole face of Nature re- 
covered out of the dark uncomfortable state in whicJi 
h lay for several hours, my heart overflows with 
8uch secret sentiments of joy and gratitude, as are a 
Idnii of imphcit praise to the great Author of Na- 
ture. The mind, in these early seasons of the 
day, is so refreslied in all its faculties, and borne up 
with such new supplies of animal spirits, that she 
finds herself in a state of youth, especially when she 
is entertained with the breath of flowers, tlie melody 
of birds, the dews diat hang upon the plants, and 
aD those other sweets of Nature that are peculiar to 
the morning. — But it is impossible for aman to have 
tlus relish of Iwing, this exquisite taste of life, who 
does not come inu> the world before it is in all its 
ncnse and hurry ; who loses the ridng of the sun, 
the still hour of the day, and immediately upon his 
first geltine up plunges himself into the ordinary i 
r follies of the world.' 




The Contemplativt Philosopher. so.nLit. 

Eons, whose soul was so capable of enjoying, and 
bis genius of deetriiting, Uie plea£ures of the Morn- 
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Falsely luxiirioui, will not man awake : 

And, apringing from the be:! of sloth, enjoy 

The cool, the fragrant, and the silent hour. 

To meditation ilue and sacred songf 

For i» there aught in sleep can charm the wise ! 

To lie in dead dblivion, losing half 

The fleeting moments of too short a life ; 

Total extinction of th' enliehtened soul 1 

Or else to feverish vanity alive, 

Wildercd, and tossing through distempered dreami i 

Who would in such a gloomy stale icinain 

Longer than Nature craves? when every muse 

And every blooming pleasure wait without, 

To bleu the wildly-devious morning walk ? ' 

But it is not indolence and the love of sleep only 
that g^ve rise to these observations. Beauty ceases 
to charm, and magnificence to strike, when the ob- 
ject, however perfect it may be, is become familiar 
to a mind, unaccustomed to reflect on the order and 
harmony of the creation, and on those wonderful re- 
lations between all the objects of it, which naturally 

' Herrick has given us some most plesaina; lines on early 
rising, which we willingly address to every female who sa- 
ciiRces her health to indolenee and fashion. 

Get up, get up for shame ; the blooming mom 
Upot) her ninga presents the God unshorn : 

See how Aurora throws her fair ' 

Fregh-quilted colours throtigh the air . i 

Get up, sweet slug-a-bed, and see 
The dew bespangling herb and tree ; 
Each fiow'r has wept, and bowed toward the east. 
Above an hour since ; yet you not drest ; 
Nay, not to much as out of bed ; 
fPhtn all the Urds have maiins stud. 
And gung their thankful hymos : 'tis sin. 
Nay, profanation to keep in. 
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ItRd tlie devout man to the coDtemplatdon of a. First 
Cause, the Life, and Sou), and Energy of All. 
Hence we observe a kind of culpable inattention and 
indifference, even in tliose wlio are most habituated 
to rural scenes, and wlio, consequeotly, must enjoy 
the most frequent opportunities of admirine and 
contemplating liie worKs of Nature. Satisfied, for 
mstance, that the sun enlightens the world, and dis- 
penses the most essential benefits to mankind, diey 
nave no solicitude, however, to explore the cause of 
these wonderful effects. They view, every day, the 
most |;larious object in Nature, without ore emo- 
tion of grateful pleasure, without one idea or reflec- 
tion. 

Ib Paractise Lost, when Adam awakes Eve in 
the morning, he reminds her of the sweet pleasures 
^he is losing : 

My laircst, roy espoused, my lately found, 
Heaveii'» liigt beat girt, my ever new delight. 
Awake; the morning shines, and ihe Tiesh field 
Calls us J ne lose the prime, to mark how spring 
The lender planis, how blows the citron grove. 
What drops the myrrh, ood what the balmy leed. 
How Nature paints her colours, how ihe bee 
Sits on the bloom extracting liquid sweet. ' 

Another poet beautifully obsi^Tes : 

Rise before the sun. 
Then make a breakfast of the morning dew 
Saved up hy Nature on some grassy hill; 
You-li fi^d It nectar. 

Those who are constrained to live in Jarge citie!", 

' MilloD, in these inexpressibly charmina lines, had his 
(ye, no doubt, on a passage in ihei)OintofSolomo,n : ' Ctrme, 
my beloved, lei ui gojbrlh into ihejield .- lei us lodge in ike 
tillages ! Ut ui get up early to the vmegards .- kl us iie jf 
ike vine JIauriih, whether the lender grape appear, and tU» 
pomrgranalet ludforth.' 
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and occasionally resort to tlie country, ouglit not to 

need such an invitation : — > 
The meanesl floweret of Lhe vale, 

The simpler note llial swilU the gale, : 

The coiainon aun> the iLir. the skies, i 

To luch Etc opening Paradise. ^ 



^M It is certain, that we no where meet with a mom i 
^H glorious or more pleasing show of Nature, than what ' 
^r appears in the heavens at the rising of the sun. The 
nctiest decorations, the most variegated and the most 
gorgeous scenery, that human fancy can imamney 
must vanish into notliing, when compared with a 
^leclacle in which radiance and beauty are so pre- 
eminent. The first aspect of the morning is pale 
and white, or gray. Hence Milton styles her Leu- 
cothea, which, in the Greek language, signifies the 
White Goddess : 

To rnslute the world with lacreil light 
Leucolhea waked, and wilh freth devrn embalmed 
The earth. 
Leuoothea, whom the Romans called Matuta, is the 
harbinger of Aurora; and tlie horizon, with the 
nearer approach of the sunbeams, now assumes a n>- 
fieate hue. Thus Lucretius t — 
Roseam Maiutn per orss 
JEthctis Auroram deferi, ei luniina panilit. 
O'er all the skies Maiuia spreads her tight, 
And brings the morn in roseate colours bright, 

And thus Homer ^ves rosy fingers to the Morn ', 
and Milton ;rosy steps* and a rosy hand'. 

' Now did ilie rosy-finReted Morn arise. 
And shed her sacred light along the tki<^&. 

• Now Morn her rosy steps in ih' eastern clime 
Advancing, gowcd ihe earth with orient pearl. 

Waked by the eirclin= Hours, with rosy hand. 



I 
I 



Unbai 



by Ihe eirchD" Hou 
cd the gates of light. 



I then ^^J 

M 
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The Morning, in fine, diapl^e to the world a 
new and magnificent creation. The shades of night 
had concealed the view and enjoyment of earth iuid 
skies. But now tJie light returns, and we behold 
all Nature renewed in youth and beauty. We- arc 
renunded of Milton's fine description of the creation, 
when God first commanded the earth to ' put forth 
the vcrdank grass :' 

He scarce had said, when the bare e.irth, lili ther 

I>e»eri anil bare, unskhily, uiiaiionied. 

Brought furih ihe leader erass, whose ve 

Her universal (see with pleasant green ; 

Thea herbs of every leaf, ihal sudden flowered, 

OgieniDg (heir various colours, and made gay 

Her bosom smelling sweet. — 

— Wilh high woods the hilla werecrowm 

Wilh tnf<9 the valleys, and each fountain 

Wilh borders 'long the rivers ; that earth 

Seemed like 16 heitveii, a seal where eods might dwell, 

Or wander with delight, and love to haunc 

Her sacred shades. 

Nor is this poetic fiction : the morning landscape is 
indeed exqmately beautifti]. We behold the moun- 
tains crowned, as if by the instantaneous eifect of 
enchantment, with majestic woods; the spreading 
lawns covered with herds and flocks ; the fields ri- 
pening into harvest ; and the meadows enamelled 
with flowers, and watered by meajidering streamF, 
The whole horizon looks gay : the scattered clouds 
assume a vivid variety of hues ; the lighter vapours 
are converted into gold : and every plant and every 
flower sparkles with orient pearl. In proportion as 
tlie day approaches, the spectacle is still more ticau- 
tiful. By soft progressioils of light. Nature at 
length appears in her utmost perfection. The sun 
is rising. A first ray escaped from the mountain's 
top, that still conceals the radiant orb " 
darta rajndly from one end of the horizon t 
other. Successive rays strengthen l' " " 
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face of the eun is disengaged by degrees, till it 
looks, at last, in boundless majesty abroad ! All 
Nature reimces m a delightful renovation of life and 
vigour. '1 he feathered tnbes salute the bright source 
of day with their melodious notes. Every hTing 
creature is in action, and is sensible to new retumi 
of pleasure and new capacities of enjoyment. 

Mallet has amphfied this pleasing subject wit^ the 
most beautiful and picturesque imagery : 

And now pale glimiueringoa the verge of heaven. 

From east lo north in douWul twilight seen, 

A whitening lustre shooci Its tendei oeain; 

While shade and lilence yet involve the bail. 

Now sacred Morn, ascending, smiles serene 

A dewy radiance, btighlening o'er the woild. 

Gay daughter ofthe Air, for ever young. 

For ever pleasing 1 Lo, lihe onward comes. 

In fluid gold and azure loose arrayed. 

Sun-tinctured, chanseful hues. At her approseh. 

The western gray ofyonder breaking clootls 

Slow reddens into flame: the rising mists. 

From off' the mouniaio's brow, roll blue away 

In curling spires, and open all his woods, ■ 

High-waving in the sky: ih' uncoloured stream. 

Beneath her plowing ray, Iransluccnl shines. 

Glad Nature feels her ihro' her bounilless realmt 

Of life and sense ; and calls forth all her sweels. 

Fragrance and song. From each unfolding flower 

Transpires ihe balm of life, that Zephjr wafts, 

Delicious, on his rosy u'ing: each bird. 

Or high in air, or secret in the shade. 

Rejoicing, warbles ivild his matin'hymn. 

While beasts of chase, by secret instincl moved. 

Scud o'er the lawns, and, plunging into night. 

In brake, or cavern, slumber out the day. 

Invited by ihe cheerful Moin abroad. 
See, from his humble roof, the good man comes 
To taste her freshness, and improve her rise 
la holy musing. Itapture in his eye. 
And kneeling wonder, tpeaks his silent soul. 
With gratitude o'erflowinp;, and with praise \ 

Now Industry is up. Tiie village pours 
Jler useful aons abioad to i arious loil : 



] 



42 The Contemplative Philosophei: mo, xiiiS 

earth, what millions of thy creatures are adoriDe 
and praiang thee ! How then can I be insensible and 
olent at this view of universal beauty and universal 
goodness? From thee springs the splendour of the 
morning;, fium thee, tho great fountain of light and 
life, iliou alone hast spread the horizon with these 
lieauteous tints, and given pervading power and 
energy to that siui. 1 ne verdant earth, tlie smiling 
landscape around, is decorated by thy hand. I'he 
grateful emotions which the glorious scene inspire* 
spring too (rum thee. Thou nast endowed me .with 
understanding, with that celestial fat-ulty, which 
thus enables me to discover thee in thy wMulroua 
works. Continue, Best of Beings, to protect and 
guide me. Let me not be content with these monw 
ing aspirations. Beautiful as this Bolitude is, and 
chamimg as these reflections arc, let me now return 
to social life and to active goodness. Ever grateful' 
to thee, and kind to my fellow-creatLrea, may a life 
of uniform riety and virtue be at^cepted by thee tA' 
the noblest nymn of praise and adoi-.ation.' ■ \ 

Dr. Beattie's ' Melodies of Morning,' ^ven in his | 
* Minstrel,' are too appropriate and elegant, not to J 
deserve a place in this paper : ] 

But who ihc melodies ormorn can tell \ 1 

The wild brook liabbtina dnwn ibe mountain side ; 
The luwing bcnl ; the sneepfold's simple bell ; I 

Tbe pipe af early shepherd dim deiiehed 
In ibe lone vallej' ; echnini; far and wide , ' 

The clnmoroiis horn »lone the ctiH'j abnve; ' 

The hollow miirinnrof tbencean tide; 
Th« bum of bees, aud linnet's lay of lore, ' 

And the full choir that wakes ibeunivcisal grove. 



The cottage-curs at early pilgrim bark ; 
Crowned with her pail ihe iripping milkmaid sinsE 
liie whistling plougbnnan stalki afield ; and bark ! 
Dovfn tbe rough slope the ponderow waggon rings ; 
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Through rostlins corn the hare astonished springs , 
Slow toUs the village-clock the drowsy hour $ 
Hie partridge bursts away on whirring wings ; 
Deep mourns the turtle in sequestered bow'r. 
And shriU lark carols clear from her aerial tow*r« 



No. XLIII. 

ON TH^ SUN. 

Alme So); curru nitido diem qui 
Promis et celas> aliusque etidem 
Nasceris— - Horace. 

Fair Snn^ who with unchanging beam 
lUsing another and the same» 

Dost from thy- beamy car unfold 

. The glorious day. 

Or hide it in thy setting ray»«— prang is. 

Great source of day ! best image here below 
Of thy Creator, ever pouring wide. 
From world to world, the vital ocean round. 
On Nature write with every beam His praise. 

THOMSON. 

THE Sun has been justly styled the soul of the 
universe, as it not only produces all the necessaries 
of life, but has a particular influence in cheering the 
mind of man. He can never be satiated then, one 
would think, with the glorious scenes which the eye 
discovers, when this radiant orb sheds its lustre 
abroad ; nor can imagination ever cease to contem- 
plate, with pleasure, its wonderful use and essential 
iniportance m the creation. 

In my preceding paper, I considered the rising of 
the sun as forming one of the most be(iutiful appear- 
ances in a mommg prospect. How striking the 
scene when we Erst observe the fiery rays wYi^ ^^ 



sun scatters among the clouds, as harbingers of hit 
approach. As the Uluminatiun increases, the«arth 
seems all in a glow, and we expect the glorious orb 
long before he discovers himself above the hoiizoa 
"We imagine, every moment, that we see him. At 
length he appears. His rays dart, like lightning, 
over the tiice of Nature, and darkness vanishes at 
the raght. Man glories in his habitation, and b& 
holds it embellished with renovated beauty. The 
lawn is refreshed by the coolness of the night, and 
the light of the morning displays its increasmg ver- 
dure. The dew-bespangled flowers that enamel its 
surface glitter in die sunbeams, and, like rubies 
and emeralds, dart thar colours on the eye. The 
cheerful birds unite in choirs, and hail, in concert, 
the parent of life. At this enchanting moment, not 
one IS silent. .All Nature is enlivened by his pre- 
Knce, and gladdened by Iiis gilt*. Millions of glit- 
tering insects awake into existence, and flutter in his 
rays. The bleating flocks, and lowing herds, sa- 
lute the welcome blessing. 'I he hills, the valleys, 
and the woods, resound with rural harmcoiy. All 
that is vocal unites in the general choir ; and all that 
has breath exults in the enlivening influence. In 
man, in particular, the assemblage of so many pleas- 
ing objects imparts a glowing sensation, that seems 
to penetrate the soul. Who, indeed, can withstand 
the rapture of this short interval of enchantment ? 
Who can behold widi indilference a scene, at once 
so magnificent, so beautiful, and so delightful ?— • 
£ut I am aware that, in my morning walk, I have 
already expatiated on this scene ; a scene, however, 
productive of a pleasure that will ever bear repeti- 
tion, and of a variety that never can be exhausted. 

The sun, that radiant orb, with which, as a pait 
of the planetary system ' to wliicli our globe belongs, 

' See No. Tii, RefleclLons on ilie Solar Sysiein. 
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we are so intimately oonnected, is defined, with re- 
!pect to lis, to be that great luminary which en- 
light^Ds the world, and whose presence constitute! 
the day. In tlic infancyof astronomy it was reckon- 
ed among die planets; but it is now numbered 
UOong the fixed atara. It appears bright and large 
in comparison with them; tjecause we keep con- 
stantly near the sun, and are at an immense distance 
from the stars ; for a spectator, placed as near to any 
Star as we are to the sun, woula see that star a body 
Ks large and briglit as the sun appears to us ; and s 
spectator, as far distant from the sun as we are from 
ine stars, would see the aun as small as we see a 
star, divested of all its circumvolring planets ; and, 
in numbering the stars, he wotild reckon it among 
them. 

The figure of the sun is a spheroid, higher under 
the equator than about the poles. His diameter is 
(Computed to be 894,000 miles. His solid bulk is 
S4 million of timea as big as that of the moon, and 
hiJf a million of times bigger than that of the earth. 
His distance from the earth, in round numbers, is 
about Q5 millions of miles ; a distance so prodigious, 
tliat a cannon-ball, which moves at the rate of about 
^ght miles in a minute, would be something more 
tmn twenty-two years in going from the earth to 
the sun. 'ITus actwunt of the diameter, magnitude, 
and distance of the sun, is deduced from the deter- 
minations of the most eminent astronomers in Eu- 
rope, who were sent out to the most convenient 
parts of the earth, for the purpose of observing the 
tianirits of Venus over the sun, in the years 1761 
•nd 1769. 

The sun was generally considered by the ancients 
u 2 globe of pure fire ; but, from a number of ma- 
tuite, or dark spots, which, by means of a telescope, 
may be seen on different parts of his surface, it ap- 
pears that this opinion was ill-founded. The spots 
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fon^st, in general, of a. nucleus, or central port, 
which appeal's much darker tlian the rest, and seema 
to be SLUTuunded by a mist or smoke ; nnd they are 
BO changeable in their situation and figure, as &a< 
quently to vary during the time of obfiervadoD. 
Some of the largest of them, which are found to ex- 
ceed the bulk of the whole earth, arc oiWi to be 
Been for three months together : and , when they difr- , 
appear, tliey have been supposed to be converted 
into faculse, or lununous spots, which appear mucU 
brighter than the rest of the aun '. About the time 
that the solar spots were first discovered by Galilea^ 
forty or fifty of them might be frequently seen ati 
the sun at a bmc ; but, at present, we con seldom 
observe more than thirty ; and there have been pe- 
riods of seven or eight years in which none could 
be seen. 

Various have been the opinions concerning the 
nature, origin, and situation of the solar spots. It 

' But this com-ersioo of iho macular, ot ilork spols, into 
the fjeaix, or luminous oiici, has been deuietl, Heveliu 



indeed, sii|ip(iri6 the opinion ; bui Huy^ensilectiies, that he 
w3> never able lu diKOver any faculc -, anti that ull thK 
foLinilallon tliat he cuuld sec foe the iiuiion was, tliat in ths 
daikish clouda that Trequenlly surround ihe maculs, little 
points, or s^rks, biighier than the rest, ate eomeiimet dit- 
eernrd. Mnny authors, after Kitchec and Scbeiner, iiave 
jfjenerallv represeutwl the sun's body full of lirigbl, fiety ' 
(potJi, Which thej conceive to be a sari of volcaiios in the , 
boily of ihe sun ; hut Huygens, and others of the latest anct 
best DUibarilj', finding that the best lelcciijics discover no- , 
thine of ibe mailer, agree in explwle the notion of facu&e.' 
The cause of what have been supposed lo be such ihey atltw 
bute to the iremuloui a^latiun of the vapours near our. 
carih i ibe Kime as somelimes shows a tlitic uncveniieu ii^ ' 
t1ie circumference of the sun's disk when viewed through a 
ieleicope. Siricily, then, ihe facnlx are nnt erucialiuns of 
fire I'ld H<ime, hut refraclious a\ the sun's ravs in the rarer 
CKhalaiiiiMs, which, being condensed in the neigh bnurhnud 
of that shade, texm to exhibit a light greater than ihai uf ib^ 
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bem bnagined, that the macuIiB arc occasioned 
Iv smoke aw opaque matter thrown out hv yo\- 
monor Ijoming mountains of immense magnitude; 
udthat when the eruption is nearly ended, and the 
anoke dis^pated, tlie fierce flames are exposed, and 
miear like laculie or luminous spots. M. de' la 
Hire imagined the Sun to be in a continual state of 
fuson, and that the spots which we observe, are only 
the eminences of large mat^KCs of opaque matter, 
•Hueb, bv the irregular Rgitations of the nuid, some- 
limes 8wun upon the surface, and sometimes sink 
»!k1 disappear. Otliers have supposed them to be 
oocaooned by a number of planets circulating round 
Ihe aQD, at a small distance from his surface. But 
Dr. Alexander Wilson, by attending particularly to 
ihe different phases presented by the umbra, or shady 
«)ne, of a spot of an extraordinary size, that ap. 
peared upon the sun in November 1769, during its 
pnu[ress over the solar disk, was led to form a new 
Hid angular conjecture concerning the nature of 
thrae appearances: which he seems afterward to 
have connnned end established by repeated observa- 
tions. The results of these observations are, that 
ibe solar maculie are cavides in the body of the sun ; 
that the nucleus, as the middle or dark part has 
bren usually called, is the bottom of the excavation ; 
and that the umbra, or shady itone, usually sur- 
rmmding it, is the shelving sides of the cavity. 
Dr. Wilson appears not only to have ascertained 
the reality of tnese immense excavations in tlie body 
of the sun, but to have pointed out a method of 
RteHsuring the depth of them. He estimates, in 
particular, that the nucleus, or bottom of the large 

nabox-e-raenUoned, was not less than a semi- 
eter of the earth, or about 4000 miles below the 
level of the sun's surface ; while its other dimen^ons 
were of a much larger extent. From his obaerva- 
it maybe further inferred, that the body of the 
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Aun, in ihc depth of the nucleus, either emits 
light, or emits so little as to appear dark, when si 
at the same time, and compared witli that reqd 
dent, and probably, in soine degree, fluid Bubatana 
which covers his surface. This manner of c 
dering tliese phenomena naturally gives rise to r ^ 
curious speculations and inquiries. It is natural b 
inquire, for instance, by what great commotio 
tliis refulgent matter is Uu-own up on all sides, so 
to expose to our view the darker part of the sun'* 
body, which was before covered by it ? What is thtt 
nature of this shining matter ? And why, when thtt 
excavation is forni^ in it, is the lustre of tliia 
shining substance, which forms the shelving ndes aS 
the cavity, so far diminished, as to give the whole 
the appearance of a shady zone, or darkish atmoii 
sphere, surrounding the denuded part of the bub's 
body P But for a more ample detail of Dr. Wilson'i 
ebservatious on the whole subject, I must refer my 
readers to the Philosophical 'I^ransactions, vol. bciv ; 
as well as to Dr. Herscnel's suggestions of a kindred 
theory, in different volumes of the same national 
work. 

The motion of the macula: is from east to west, 
»nd as they are observed to move quicker when ih^ 
are near the central regions, than when they are \ 
near the limb, it follows that the sun must be a 
i^erical body, and that he revolves on his axis. 
The time in which he performs this revolution, as 
observed by Cas^, is 85 days, 14 hours, and 8 
minutes. 

Beside the solar spots, the zodiacal light is a sin- 
gular phenomenon which accompanies the sun, and 
H usually attributed to his atmosphere. It bemns 
to appear a little before sunrise, and seems at first 
like a faint, whitisli zone of light, resembling the 
milky way, with its borders lU terminated, and 
scarcely to be distinguished from the twilight, which 
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een coninienting near tlie horizoa. It is then 
but little elevated, und its iigure nearly sf^ees with 
lh«t(jf a flat lenticular spheroid, seen in profile. As 
:t rises above tlie hoi-lzuii, it becomes brigliter and 
i.irger to a certain point, al'ter which the approach 
of day renders it gradually less apparent, till it be- 
c(>n>es c)uite invisible. 

From this pbilosophical account of the sun, and 
the principal phenomena which lie exhibits, the 
next and most obvious inquiry is into his pervading 
energy and essentia] importance in the creation, and 
particularly to our globe. But nothing can equal 
nhat Thomson has said upon this subject, in his 
beautiful Hymn to the Sun, at llie commencement of 
i.fs ' Summer:" I refer my readers, therefore, to this, 
I :ol only as a poetical illustration, but as the noblesi 
■ count that has ever been given, of the dignity, use, 
Tid beauty of this resplendent orb. 

Dr. tlerschel supposes that tbe spots in the sutl 
: ic inuuntaios on its surl'ace, which, considering the 
_'reHt alCractioa exerted by the sun upon bodies 
/!,iced at its surface, and the slow revolution it has 
-liout its axis, lie thinks may Ite more than SOO 
miles in height, and yet stand very firmly. He savs 
tiwt iu 1792, he examined the sun with several 
|X>wer3 firom 90 to 500 ; and it evidently appeared, 
that the black spots are tbe opaque ground or body 
gf the son; and that the luminous part is an atino" 
^iliere, which being intercepted or broken, gives ue 
a glimpse of the sun itself. Hence he concludes, 
that the sun has a verytex tensive atmosphere, which 
OHisists of elastic fluids that are more oi' less lucid 
and transparent, and of these the lucid ones fumisli 
US with lij^ht. This atmosphere he imagiiiesi to l^e 
MHnewhece between 1800 and 2780 miles in height; 
1 hikI he supposes that the density of the luminous 
L silar clouds need not be exceedingly more than that j 
^^^our aurora borealis, in order to produce the eft'ect* I 

^^E VOL. 
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mth which we are actjua'mted. Tlie sun, then, ap- 
pears to be a very enuaent, large, and lucid planet, 
the first and only primary one belon^ng to oar. J 
syEtem. Its similarity ta the other globes of th^l 
solar Bystcm, with regard to its sohdity ; its atmo^B 
^^ere i its surface diverinfied with mountains aiKl3 
valleys; its rotation on its axis; and the fall of 1 
heavy bodies on its surface ; lead us to conclude that 
it is most probably inhabited, like the other planetSf 
by beings whose organs are adapted to the pecu]iac , 
circumstances df the vast globe. 

By analogical reasoning, hkewise, we infer that, i 
the moon and planets are tJie abodes of happiness to, ' 
indefinite numbers of animated, and, perhaps, r&t , 
lionat and intelligent creatures, who may speculata- 
and reason upon our supposed existence as we da of, 
theirs ; who may be piursning scientific knowledge* | 
in a way similar to our Newtons, Herschels, aii4 
Davys. To take the moon, for instance, and what, , 
is applicable to her may, unquestionably, be inferred' j 
df the superior planets, and of their moons or sateUJ 
lites also. I 

The moon is a secondary planet of consderabl^fl 
magnitude ; its surface is, as we have seen, divert* 1 
fied, like that of the earth, witli hills and valleys, n 
Its situation with respect to the sun, is much like i 
that of the earth ; and, by a rotation on its axis, i| , ' 
enjoys an agreeable variety of seasons, and of day ■ | 
and night. To tlie moon, our globe would appear >< 
scaptUil satellite, undergoing the same changes of,' 
illumination as the moon does to the earth. The j 
Bun, planets, and the starry constellations of the . < 
heavens, will rise and set there as they do here ; and ' 
heavy bodies will fall on the moon us they do on the 
earth. There seems, then, only to be ivanlmg, in I 
order to complete the analogy, that it should be in- 
habited like the earth. 

It may he objected, that, in the moon, there ate | 
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no laive seas ; and its atmosphere (t)ie existence of 
which )s doubted by many) is extremely rare, and 
unfit for the purposes of animal life ; that its cli- 
mates, its sea»ins, and tlie length of its days and 
ni^ts, totally diifer from oiirs; that without denae 
clouds, whicn the moon has not, there can be no 
rain, perhaps ho rivers and lakes. 

In answer to this it may be observedj that the very 
difference between the two planets strengthens the 
aigumenL We find, even on our own glolie, that 
ihoc is a most striking disE^milarity in the situation 
oTthe creatures that live upon it. While man walks 
m the ground, the birds ily in tha air, and tlie 
liibes swim in the water. We cannot, surely, ob- 
ject (o the conveniences afibrdcd by the moon, if 
ihi»e that are to inhabit its ro^ons are fitted to 
dior conditions a^ well as we on this globe of ours. 
The analogy already mentioned establishes a high 
probability tliat the moon is inhabited. Suppose, 
iben, an inhabitant of the moon, who has not pro- 
perly conadered such analogical reasonings as might 
mduoe him to surmise tliat our earth is inhabited, 
vae to ave it as his (pinion, that tlie use of that 
^neat boOT, which he sees in liis ndighbourhood, is 
lo carry about his litUe globe, in order that it may 
be ptiperly exposed to the light of the sun, so aa to 
ragoy an i^recable and useful vai-iety of illuniina- 
Qg6, as wdl as to ^ve it light by reflection, whea 
lUreeC figbt cannot be had ; should we not cond^un 
Ida ignorance and want of reilection ? The earth, it 
is true, not only performs those offices which have 
l«en named, for the inhabitants of die moon, but 
ve know that it also affords mairnificeiit dwelling- 
liUces to numberless intflligent beings. — From ex- 
perience, therefore, we aflimi, that the performance 
nf the most salutary offices tu inferior planets is not 
uoHiH-stcnt with the dignity of superior purposes ; 
in consequence of sucii analogical teaaooin^. 



asMsted by telest-opic views, which plainly favoil 
tlie same opinion, ve do not hesitate to infer, tfaa 
tlie stfK, also, is riclily stored with ioli:ibitanls. 



ON THE NATURE OF LIGHT. 

Fairest of beings', first creaied ligiu! 
Prime cause of hcaoiy ! for from thee aliinc. 
The sparkling gom', ["he vegeiable race, . 
. The nobler worlds that live and bruailie, ihetr chnrmsr 
The luvcl^ hues peculiar to each tribe, 
From thy uiirnciing source orspiBiiilour draw ! 
In ihy pure shine, with Iransporl 1 survey 
This firmament, anil those her rulliiig worlds. 
Their magniiudes and luotions. Mai^ET. 

WE experience, every moment, the utility i 
that light which invests our globe ; but there is n 
B subject, concerning the nature of which such 
variety of opinions liave been formed. Light i 
defined to be that sensation occasioned in the mind 
by the view of luminous bodies ; or, that proper^ 
in bodies, whereby they are fitted to excite Ukmi 
sensations in us. The Greeks considered light i^ 
sn accident, or property, resulting from the GitA 
princaples ol' things ; ana Des Cartes defines it ti 
be a globulous matter diffused tlirough the ufd 
verse; which beiug impelled by the sun, strikei 
tlpon our eyes, in the same manner as a staff, tha 
is pushed at one end, presses in the same instant si 
the other. But Dea Cartes, and the ancient phi* 
losophers, in particular, spoke the language of nyi 
potheas and coiyectUTc : ' " laortal Newton ' 
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tiTrturse to experiment and observation. The rays 
'•t' light, according to him^ are small corpuscles^ or 
{larticlcs of maxter, emitted with exceeding celeri^ 
trora the luminous body; with a velocity so im- 
niense, indeed, as to enable (hem to move at the in-, 
conceivable rate of 11,000,000 miles in a uiinuta, 
Sir. Roemer, a Danish philosopher, was the first 
who shotved, that light is about eight minutes in it? 
passage from the sun to the eoi'th. 'l~his idea was 
first siJ^;eEled to hiin, by observing the eclipses of 
Jupiter's moons, by wliicli it appeared, to a aemoor 
stralion, that the motion of light is not instanta- 
neous, but progressive, or such as would carry it 
through a. space equal to the radius, or Bcmi-dia- 
iiieter of the earth's annual orbit in about eight mi- 
ijutes of time : so that if the sun were amiihilated, 
we should see him for eight minutes afterward, and 
if be were created again, it would be eight minutes 
before we should see him. The minutest particles, 
wliich are thrown off from tfie body of the sun, 
move through a space of 95,000,000 miles in eight 
minutes, which is about a milhon of times swiiter 
than the motion of a cannon-ball, when it is first 
projected from the mouth of the piece : a rapidity 
too great for the imagination to follow, or the mina 
to comprcbend- 

The wonderful divisibility of the parts of matter 
is DO where more apparent, tlian in the minuteness 
of the particles of light. Dr. Nieuwentyt has com- 
puted, that aji inch of candle, when converted into 
Eghl, becomes divided into S69,617,040parts, widi 
40 <ajihers annexed ; at which rate there must issue 
from ii, when burning, 418,660 [larticles, witli 39 
ciphers more, in the second of a minute; which is 
vu»tly more Uian a thousand times a thousand mil- 
lion times the number of sands the whole earth can , 
Lontain ; reckoning ten inches to one foot, and that J 
^100 ^anda are equu ' 
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It must be acknowledged, rhat many difficaltieB 
and objections have been urged a^aiust the mate- 
tiality of tight, or the hypothesis otlight, consisting 
flf giubII jrajtjcles emitted from luminous bodies; 
and that many eminent philosophers, both foreigners 
and English, nave recurred to the opinion, that light 
eonsists of vibrations propagated from llie tuininons "y 
^Kxly, through a, subtile etherial medium. Among 
these «rc the names of Euler and Franklin, whose ' 
arguments have been combated by Dr. Horsley, 
Mr, Melville, and others. But an account of their , 
reajionings on this subject would necessarily lead me 
into a dijiquisition much too abstruse for the popu- i 
lar and intelligible manner in which I wish to con- i 
duct this paper. Sir Richard Blackmore, in hi» 
Creation, thus alludes to the difficulties which at- i 
tend the sulgect : 

Behold the lighl emitted from the 5unJ 

What more familiar, and what more iinltrown ? | 

While by its spread in e radiance it rereala 

All Nature's face.itstill itsetf conceals. i 

See how each mora it does its beams disjilaj. 

And OD its golden wings bring back the day ! ' 

How looii Ih'effulgent emanations Ry 

Thfoiigh ihc blue gulf of interposing sby! i 

Hnw sooD their lustre all the region tiils, I 

Smiles on the valleys, and adoins the hill* : . 

Milltona of miles, w rapid is their race, 1 

To cheer the earth, the;/ in few moments pats. j 

Amazing piogress ! At its utmost stretch, 1 

What human mind can this swif^ motion reach * J 

But if, to save so swifi a flight, you say, 

The ever mlliug orb's impubive ray 

On the next threads and filaments docs bear, 

Which form the springy texture of the air [ 

That thoi-e still strike the next, till to the sight 

The quick vibration propagites the light ; 

Tis still as hard, if we this scheme believe. 

The cause of light's swift progress to conceive. 

That light, however, is a real substance, not^ 
vithstanduig the objections tliat have been urged * 
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Bg^st this hypothesis, seenis to be established by 
l^ phenomena of die Bolugnian. stone, and of other 
substances, which possess the remarkJsble property 
of iiDhibing light, of retaining it (ot some time, amid 
idtemard of emitting it> . 

Tlie doctrine of the materiality of hght is fiuthieT 
eonfirraed by those ex penmen ts, which dexnoiiitratv, 
that the colour and inward texture of soiue bodied- 
art changed, in consequence of their beii^ exposed 
to tJ>c tight. Among various observations ot this 
kind, was that made by M. Duhamcl, who found 
that the juice of a certain sheQfish in Provence oon- 
tracl«d a fine purple colour when exposed to the 
light of tbc sun, and that the stronger the light, the 
more splendid was ihe colour. Pieces of cloth, 
dipped in this liquor, and exposed to the sun, be- 
came red, although they were inclosed in glass ; 
but they acquired none of this colour m tlic aame 
txpoBUre, ii" diey were covered with the tliioneit 
plates of metal. 

' Ptio;pborf3ccnt-slonc b found on iliOerent eminence 
atDund Bulogoa in Italy, and egpeciatly on Monte Pa<lerno, 
loose anij Kaitertd abunt between gypseous stoues in a maily 
euih. It is found most readily after heavy raitiJi, in ihe 
siieams which run down the sides of ihe hill. To render il 
capable of jhiningiii ihc dark, a piece particularly heavy, fa- 
liaceoui, and pure must be !ielecicd. After being made red' 
hot, il is pounded and reduced to a fine powder, which, by 
means of a tolulion of gum-tragacanth, becomes a kind of 
■a-^xe. and ii then converted into small caket. When th«« 
• re dried, ihev arebroughi to a stale ufigniiiuii between coatt, 
.ni! ihen suffered to cool i after which thev are pteserted 
the air and moisture in a close vessel, if one of these 
I lie exposed a few minutes to the lishl, and then eartied' 
a dark place, il will shine like a burning coal. This 
power of emitting ligbl beoonies lost in ihe course of lime t 
may be (esiorel at first by healitig, aud afterward by 
, . lie again to ignition. It was discovered at t)ic b^in* 
ninji of the sevcnteenlh centuro by a shoe-maker ofih* 
nuDe of Vincentio CasciaroU. See further in BecliMmnnt 
ItaieiUioHt, vol. W. p, 4iS. 3d edit. 
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• The expan^on or extension of any portion of 
lig^t ia inconceivable. Dr. Hook rIidws, that it is 
qs unlimited as the universe; proving- it from tbW 
nunense distance of some of the- fixed stars, the light) 
(tf which becomes sensible to the eye. by means df» 
tdescope. He adds, that tliey are not the great 
bfxlies only of the sun or stars that arc thus liable^ 
■*) disperse tlieir light through the vast expanse a" 
Ae universe, but the Enmallest spark of a lucid bodyi 
must do the game, even the smallest globule stniCK} 
from a steel bv a tlint. 
- Sir Isaac Newton observes, that bodies and ligliO 
act mutually upon each other; bodies on hi^t, in 
emitting, reflecting, refracting, and inflecting it 5! 
and hght on Ixxlies, by heating them, and puttingi 
their parts into a vibrating motion, in which hcat> 
principally con^sts. For all fixed bodies, he ob-« 
serves, when heated beyond a certain degree, emitf 
light, ajid shine ; which shining, Set. appears to b& 
owing to the vibrating motions of their parts ; an^ 
all bodies, abounding in earthly and sulphureous 
. particles, if sufficiently agitated, emit light, which 
■way soever tliat agitauon be effected. Thus, sea- 
water shines in a stomi ; quickalver, when sliaken- 
ID vacuo ; cats, or horses, when i-ubbod in the dark ;' 
and wood, fish, and flesh when putrelying. 

Light proceeding from putrescent animal and v 
getable substances, as well as from glowworms, 
nentioned by Arietode. Bartholin names four 
kinds of luminous irtsects, two with wings, and twa 
iritfaout; but it is asserted by travellers, that in hot 
^imates, they are found in much greater nuniliers, 
and of different species. In particular, on the river 
Henam, which runs through Siam, a vast number 
of those insects, called fire-flies, make a beautifu^ 
appearance in the night : 

On Menam'j orietil slream, that nighllj shin 
With iimwt liimTH 
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There is one propCTty of light, caAeSirtfracUbJt^' 
which I will mention here, beoiuse it is capable of tf 
very easy and familiar illustration, and will account 
for a very common, but seemijigly extraordinary. 
|diaiomenon. When a ray of light passes out of 
one m^ium into another, it is refracted, or turned 
out of its first course, according as it falls more or 
iess obliquely on the refracting surface which divides 
the two memums. Any person may exemplify this 
by the following expenment: put a shilling m an 
empty basin, and retire to such a distance, that the 
edge of the basin shall just hide it from your sight ; 
then keeping yourself steady, let anodier person fill 
the vessel gently with water ; and, as the water rised 
toward the top, the shilling Avill become moi'e and 
more visible, till, at length, the whole of it will be 
distinctly seen, appearing as if it had been raised 
above the bottom of the basin. 

'lliis proves, that the rays of light are refracted, 
or bent downward, in their passage out of the watei* 
into the air ; and as they now come to the eye in a 
more oblique direction, the object must necessarily 
appear to be elevated, and in a different situation 
from that in which it was really placed. The same 
thing may also be shown thus : place the basin in 
such a manner, tliat the sun may shine obliquely on 
it, and observe where the shaaow of the rim fallst 
upon the bottom; then fill it with water, and the 
shadow will not extend so far a^ it did when the 
vessel was empty ; which shows that the rays have 
ehanged their direction, by passing out of one me^ 
dium into another of a different density. 

The less obliquely the rays fall, the less tliey will 
be refracted ; and if they fall perpendicularly, they 
will not be refracted at all. For, in the last ex-i 
periment, the higher the sun rises, the less will bd 
the difference between the places, where the edge of 
the shadow Aik, in the empty and full bas^iv. AxA 

j> 5 
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a stick be laid across the b&ain, and the sun''8 raya 
' r«fWcted perpendicularly into it from a looldn^ 
3S, the shadow of the stick will fall upon the safDB 
t of the bottom, whether the basin he full or 
npty. The same effects vnW also take place, whea 
le experiment is performed with any other fluid : 
lit the denser the medium, the more will light be 
ifracted in pasang through it. 
From these observations it will readily appear, 
_iat objects can seldom be seen in tlieir true places. 
We are deceived by every thing around us : tiie 
liight is no less subject to error than the rest of our 
es i though tliey all contribute to our pleasure, 
pnnnote our happiness by various means. In 
_ insequence ot" this property of refraction, we enjoy 
4i)c fflght of the sun when he is really below the an- 
lizon, for a httle time before his nang and for B 
little time after his setting. This Is also the cause 
which produces the crepusculum, or morninjg and 
evening twilight : for the rays of the sun, in falUng 
Upon the higher part of the atmosphere, are reflect- 
ed back to our eyes, and form a faint light, which 
cradually augments till it becomes day. It is in. 
uiose brQliant colours which paint the clouds, before 
the rmng of tlie sim, that the poets have placed 
Atu^ra, or the goddess of the mom : ehe opens the 
gates of day with her rosy fingers ; and the daugh-- 
ter of the Air and of the Sun has her throne in the 
atmosphere. 

Had no such atmosphere existed, the rays of light 
vouM have come to ub in str^ght lines, and the ap- 
oice and disappearance of the sun would have 
instantaneous; we should have had a suddeo 
toansition from the brightest sunshine to the most 
profound darkness, and from thick darkness to a 
blaze of light. Refraction, therefore, is extremely 
useful, not only as it prepares us gradually for the 
G^t of the sun, but as it occatdoiM|||nhght, and 
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_js prolongs ihe duration of the day. Nfttur« has 
I ntebUsbed these gradations, to heighten our plea> 
ntesby variety ; the scene is perpetuaUy changing, 
but the order of things is immutaDle. 

With what exalted sentimeats of dcTotion ought 
the Contemplative Philosopher to con^der the va- 
noug and unspeakably beautiful phenomena of light ! 
We find it to l)e little less than the life and pleasure 
of all animated beings. Of what benefit, indeed, 
could life be; what pleasure, -what comfort could 
w« enjoy, in the horrors of perpetual darkness? 
How could we provide oiu-selves with food, and 
the other necessaries of hfe ? How could we trans- 
act the least bu^ness ? How could we correspond 
with each other, or be of the least reciprocal service, 
vithout light, and those admirable organs of the 
bodv, which the Omnipotent Creator Has adapted 
to tne perception of this inestimable benefit ? 

fiut it is unnecessary to enumerate the mexpres- 
rible advantages of a messing, of which the most in- 
attentive of mankind must be sensible. What is 
^iplied to Wisdom, in the book called The Whdom 
af'Soiomon, ' She is a pure influence flowing from 
the glory of the Almighty — she is the brightness of 
ibe everlasting Light,' has been applied by Milton 
W I^bt, with the most beautiful prt^riety : 
Bright effluence of brighi eHence increate. 
In a word, when we consider tlie wonderful 
beauty and pleastu'es of which light is the essential 
itource, with how nmch is still involved in mystery, 
notwitluatanding the most diligent inquiries uito its 
nature and properties, by tlic most illustrious phi- 
louiphers, well may we exclaim in the beautiful lan- 
gpage o^ 'lliomsao : 

How then shall I autcnpl to sing of Him 
Who, Lffchl Himself, iu uncreated light 
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InTUUd deep, dwells awfully reiirecl 
Fioin Hiorul eye, nr angtl'i purei ken i 
Whoie sir^le Bmile has, from tlic fim ut'time. 
Filled, oYcrfljwiiig, all yon lamps of heaven, 
Thai heam for ever through ihe boumlless sky: 
But, should He hiife his face, th' asloniE^hed sun. 
And all th' extinguiihed stnis, would loosening reel 
Wide from their spheiea, aad Chaos come again. 
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Coloure are till ihe phantoms of ihc day, 

With that they 'reborn, ™ith that they fadeaway; 

Like, beauty's charms, ihey but amuse the sight. 

Dark in themselves, till by reflection bright; 

With the sun's aid to rival him ihcy boast. 

But light withdrawn, in their own shades arc hst. 



THE inquiry, in my former paper, into the ni 
lure and properties of light, leads me to considt 
next the admirable relations whicli the Deity hi 
established between light itself and tht; surfaces < 
different bodies, whence proceed the various pheno 
mena of colours. 

Different are the opinions of ancient and moden 
authors, and of the several sects of philosophert 
with regard to the nature and origin of the pheno 
Dienon colour. The most popular opinion was lonj 
that of Aristotle, who maintained colour to be i 
property residing in the coloured body, and to exist 
independently ca light Bnt to this doctrine it waa 
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objected, that the neck and feathers of a pigeon or 
a peacock change their colours, according to their 
positions. . Thus Lucretius ; 

Plunia columbarum quo pac^o in sole videtur, 2lC. 

LIB. II. 800—^-806. 

The plumes that go around the pigeon's head 

Sometimes look brisker with a deeper red 3 

And then, in different positions seen. 

Show a gay sky, all intermixed with green : 

And so in peacock*s tails, all filled with light. 

The colour varies with the change of site, crbbch. 

It is now universally admitted, that colour is a 
property inherent in light, whereby, according to 
the different sizes and ma^tudes of its parts, it ex- 
cites different vibrations m the fibrps of the optic 
nerve; which, propagated to the sensorium, affect 
the mind witli oifferent sensations. Or colour may 
be defined a sensation of the soul, excited by the 
application of light to the retina of the eye ; and 
different, as that light differs in the degree of its re- 
firangibility, and the magnitude of its component 
parts. 

The philosophy of colours is not unnoticed by tlie 
poets : Cowley, in particular, thus addresses Light, 
in a beautiful hymn : 

AH the world's bravery, that delights our eyes^ 

Is but thy several liveries : 

Thou the rich die on them bestow'st. 
Thy niml^le pencil paini*st the landscape as thou go'st. 

A crimson garment in the rose thou wear*st; 

A crown of studded gold thou bearst i 

The virgin lilies, in their white. 
Are clad but with the lawn of almost naked Iight« 

The violet. Spring's little infant, stands 

Girt in thy purple swaddling. bands : 

On the fa/ir tulip thou dost doat ; 
Thou cloth'st it in a gay and party-coloured poat, < 
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With flame conJensed ihou dosi thy jeweli fix. 

And solid cnlours in it mix ; 

Flora hcr^lf envic9 Ig ^ee 
FloK'en fairer than het own, mid durable at she. 

Thus Thomson in his description of the rainbow : 

Refracied Trom jon eastern cloud, 
Bestriding eaith, the grand ethereal bow 
Shoots up immense ; and every hue utiiulds. 
In fair proiiortinn ruaning from the red. 
To where llie violet fadei into (he sky. 
Here awfnl Newton, the diuolving elondi 
Form, fronting on the >un, thy showery priiia'; 
Aaii W the lage-inslructed eye unfold 
The various twine of light, by thee dibclosed 
From the while mingling maze. 

And more copiously still, in hia poem to the mi 
mory of that aivine pliilosopher : 

Light itself, which every thing ilisplayf. 
Shone undiecovered, till his brighter mind 
Untwisted all the shining robe of daj i 
And, from the whitening undisiinguished blaie. 
Collecting every ray into his kind. 
To the charmed eye educed the gi>rgeoiia train 
Of parent colours. First the flaming red 
Sprung vivid forth ; the lawny orange nexl; 
And next delicious yellow j by whose side 
Fell the kind beams of all refreshing green. 
Then the pure blue, thai swells autumnal ikies. 
Ethereal played ; and then, of sadder hue. 



While the last gleaminss of refracted light 
Died in the fainiina riolei r.ivay. 
These, when the clouds distil the rosy shower. 
Shine otit distinct adown the watery bow ; 
While o'er our heads the dewv vision bends 
Delightful, melting on the fields beneath. 
Myriads of minsling dies from these restili. 
And myriads still remain ; InAnile sourer 
OCbcauty, ereiblnahing, e\crn(w) 
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But from poetical illustrations I shall proceed to 
« more minute discus^on of this auhject. A ray of 
light falling upon a glass prism, breaks there, and is 
divided into seven principal rays, each of which 
hears its proper colour. The oblong image which 
this sort of refraction produces, afTords sc%-en colour- 
ed stripes, distributed in a regular order. The 
first, reckoning from the upper jwrt of the image, is 
red; tlie second, orange; the third, yellow; the 
tourth, green; the fifth, blue; the sixtli, indigo; 
the seventh, violet. These stripes do not glare ; but 
the eye passes from the one to the other by grada- 
tions or shades. 

The rays which bear the higliest colours, as the 
red, orange, and yellow, are those that break, re- 
fract, or curve tlie least in the prism. They are 
also such as reflect the first, on inclining the instni- 
ment. And hence it follows, tliat each ray has its 
essence or degree of refi-a nihility, If one of these 
rays is made to pass through several prisms at the 
same time, it will afford no new colours, but will 
constantly retain its primitive colour. This is an 
invincible proof of its inunutability ; for (Miours 
■K not merely modifications arising from refraction 
ir reflection, but immutable properties, and such as 
bdtHig to the nature of the rays. 

If a lens be presented to seven rays divided by 
die prism, they will be reunited into a single ray, 
whkaiirill exhibit a round image ofa shining white. 
If only five or six of these rays be taken with the 
lens, it will produce but a dusky white. Two rays 
only reunited, will afford a colour that partakes of 
ImiiIi. a stream of light, therefore, is a cluster of 
iKven rays, whose reumon forms white, and the di-f 
vision of which produces seven principal and im- 
inu table colours. 

What then is the source of that infinite diversity 
' f colours, which causes such variety in botWc*, Bsiik 
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embellishes every part of our abode ? From certain 
la:vtll<p, or thin rwjticK's, that compose the surfact 
of bodies, and which are to many uttle prisms, va> 
riously inchned, that break tlie li^ht, and leA&X 
different colours. Gold tbvided into very thia 

Elates, appears blue, when oppost-d to broaa day« 
ght. Those matters wluch corrode and spbt thi^ 
mass of parts, change their complexions ; and, cow 
sequently, the Greater or less thickness of the lax 
mellx or thin plates, contributes likewise to the di-*. 
versity of colours. i 

Whence proceeds that beautiful azure which 
tinges the canopy of heaven ? — The ground of tho 
heavens is black ; and tliis ground viewed through 
the body of air that surrounds us, must appear blue 
to us by transmission. 

Whence proceeds the smiUng verdure that adcorna, 
the fields, and delights the eye ? The lamella; of tha 
surface of plants are made and disposed in suvh a 
manner, that they emit only green rays, while thejt, 
aSbrd a free passage to other rays. If {freen more 
particularly please the ^ght, it is because it holds an. 
exact medium between the seven principal colours. 
But who can be inseniablo of the care that Natuni 
has taken to depart from uniformity in this case, byt 
multiplying the shades of green into such an inJioito 
variety ? Some writers of great distinction haVe 
piadeit an argument for Pi-ovidence, that the whole 
earth is covered with green rather than with any 
Other colour, as being such a right mixture of light ■ 
snd shade, that it comforts and stren^!;thenB tlie eye, 
instead of weakening and grieving it. The poetsy 
therefore, apply to this particular colour the epithet 
checTful ; ana by Thomson it is thus apostrophized 

Gny Grctn ! 
Thou Bmiliog Naliire'= iiniiersal tobc ! 
United light Biid shudel where the sight Jivells .' ,| 
Wiih gmwing slrenplh, amt evir new clelighl ! ' ' 
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rTbe rainbow, that beautiful phenomenon, dis- 
at once all the colours of the prism. How 
iting are the beauty and vivacity of its shades!* 
might imagine that Nature mtist have been at 
avast expense to form such a magnificent arch; but' 
IfUosophy teaches us, that some drojpsi of water, cn- 
fliich the light breaks and reflects m different an-' 
g|n^ are the sole cause of the glorious spectacle. 

' What splendour in the giloing of some insects !' 
What richness in the scales of nshes ! Nature, al- 
vajrs'magnificent in design, but frugal in execution,* 
vodiioea these brilliant decorations with little cost 
She im[die8 only a brown and pretty thin skin on a 
vintiHi substance: this- skin performs the office of 
nmiah to our gilded skins : it modifies the rays 
vUdh issue from the surface it covers. These ob- 
avtations have been extended also to the leaves of 
pknts, the enamelhng of flowers, and to the colour- 
ay of fruits. In a word, tlie nature, origin, and 
p upertt es of colours, in all their infinite varieties, 
loud affiird inexhaustible subjects of oontempla- 
tkn; curious to the speculative inquirer, and in- 
rtmctiye to the virtuous philosopher. 

The sun^s rays, the great source of light and heat' 
Id the world. Have been found by Dr. Herscliel to 
craitain, besides all the common coloured rays, se- 
nrahle by the prism, a number of rays or mere 
Beat, givii^ no light, still less refrangible than the 
nd rays ofthe spectrum formed by the prism ; ex- 
tending, therefore, beyond them, and producing a 
neater heat than any of the coloured rays. It lias, 
nirther, been discovered, as appears l)otn by the ex- 
periments of Dr. WoUaston and of Mr. Hitter, that 
Deyond the opposite or violet side of the prism, are 
certain other rays, also invisible, which do not affect 
the thermometer, but which produce some of ^ 
chemical effects of the visible rays of light, part 
lariy ofthe violet rays to which they, are contigu 
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Tliese, therefore, are rays wluch, though they ( 
not iilamiiiate, agree in chemical properties wil 
those that do, antlare cohrijic solely, not colorific< 

I shall conclude this philoEophical (lisquisition mT^^ 
Bome moral reHectionu from an elegant writer, «l 
adduces the beauty so apparent in the whtJe cn 
tion, as an argument of Uie henignity of the Gre 
Creator to mankind. ' He liais made every thio 
tliat is beaubful in all other objects pleasant, or nttb- 
lias made so many objects appear beautiful, that \ 
might render the whole creation more gay and A 
lightFuL He has given almost every thmg about U 
tl^ie ^wer of riuBing an agreeable idea in the iiBT 
gination : ho that it is impossible for us to behold b 
works with coiduess or indiiference, and to survey a 
many beauties witliout a secret satisfaction and c 
placency. Things would make but a poor app 
ance to the eye, if we saw them only in their pn ^ 
figures and motions. And what reason can we a 
^gn for their exciting in us many of those ide 
which are dift'erent from any thing that exists in iL 
objects themselves (fur sucn are light and coloun 
were it not to add supernumerary ornaments to tfal 
universe, and make it more agreeable to the imagina 
tion? We are every where entertamed with pleafnuj 
shows and apparitions, we discover ima^nary glcvifl 
in the heavens and in the earth, and see some of tin 
viaonary beauty poured out upon tlie whole crea 
tion ; but what a rough unsightly sketch of natun 
should we be entertained with, did all her ccJouiin] 
disappear, and the several distinctions of light am 
shade vanish ? In short, our souls are at presea 
delightfully lost and bemldered in a ptea^ng delti 
Mon ; and we walk about like tlie enchanted hero b 
a romance, who sees beautiful casdes, woods, am 
meadows; and, at the ^wae time, hears tlie warblinj 
of birds, and the purling of streams; but upon di 
" . the fantastic seen 
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iks up, and the disconsolate kni&Tit finds himself 
I barren heath, or in a solitary desart. It is not 
lobiible but something like this may l>e the state 
10 soul after its first separation, in respect to the 

ri it will receive from matter ; althoudi, in- 
the ideas of ocdoura ore so pleasing ana beau^ 
■ ib the imagination, that it is possible the soul 
^aot be deprived of them, but perhaps find them 
Itod fay aome other occasional cause, as they are, 
MKDt, by the diiBerent impressions of the subtle 
Dtf on tm organs of sight. 
teae Flections, which discover such a delicate 
Qbility to the beauty of nature, and which con- 
fluch a hiqppy illustration of the author'^s idea, 
gmuiided upon the doctrine of Mr. Locke, thai 
t and colours, as apprehended by the imagina- 
, axe (mly ideas in tne mind, and not quwties 
; have any existence in matter. 



No, XLVI. 

ON VISION. 

With thought from prepossession free, reflect 
On solar rays, as they the light respect. 
The beams of light had been in vam displayed^ 
Had not the eye been 6t for vision made : 
In vain the Author had the eye prepared 
TVith so much skill, had not the light appeared. 

BLACKMORF. 

Oculi - - - - Interpretes ac Nuntii Reruni. 

CICERO. 

LUCRETIUS is the only bard I can recollect 
has ornamented the philosophy of vision with 
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poetical illustration. But his theot-y, whiiJt t 
that of his master Epitiirus, howevtr iTeaiitifulJ 
poetrv, lias long vanished beiore the ttcourate. X 
searches and superior attainments of the modenuL 

If tlie conalruttion of the universe were notif 
evident a proof of the existence of a suprenielv vil 
And benevolent Creator, as to render particular M 

euments umieceBsary, the structure of tne e\^ ^ 

be offered as one, by no means the least. This u 
stance, among numberless others, demonstralau 
that the most exquisite performances of art are iil| 
nitely short of tliose which are continually [nuduct 
by the Divine Mechanic. 

Of all the senses, the sight is that which fun; 
the soul mth the quickest, must extendve, and n 
varied perceptions. It is the fertile source of ti 
)icbest treasures of imagination, and it is to,t. 
prinapally, that the soul owes the ideas of bwut 
and ot that -varitui huUt/ which enchants it, 

' Our sight {as observed by an admirable » 
is the most perfect and delightful of all our a 
It fills the mind with the largest variety of idi 
converses with its objects at tne greatest dista 
and continues the longest in action, without bi 
tired or satiated with its proper enjoyments. Tlj 
sense of feeling can indeed give us a nirtion of exte 
sion, shape, and all other ideas that enter at the en 
except colours ; but, at tlie same lime, it U vei 
much straitened and confined in its operationB, ] 
the number, bulk, and distance of its particular a 
jects. Our sight seems designed to supply all iJm 
defects, and may be considered as a more delict , 
and diffusave kind of touch, that s[)reads itself ow 
an infinite multitude of bodies, comprehends ti. 
largest figures, and brings into our reach some ci 
the most remote parts of the universe.' 

Night has gradually withdrawn her s&ble cu 
' face of (he earth. Aurora proclaim 
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J||aoach of the glorious sun. He appears, and alJ 
ttture seems tx> have received a new creaticjn. \\'ha( 
B^esty ! what splendour ! what light ! wliat a>- 
lours! 

But by what secret mechanism are niv eyts nuide 
fi^ble of communicating to uie such live^', varied, 
m. infinite perceptions ? How do I discover with 
to much facility and quickness every object tliat sur- 
iDUnds me ? 

The ^e is compost-d of several timics, or coal«<, 
one within the other, and is iillcil within with trans- 
parent humours of different refractive densities. The 
external tunic, called the sclerotica,, is white on the 
interior part, except a circular portion innne<liately 
in front, wliich is transparent, and more convex than 
the rest of the eye: this transparent jxirt is called the 
cornea. Immediately adherent to the svlvroiica with- 
in, is the choroidesy or wra/, which, at the circum- 
ference of the cornea^ be«omcs the iris^ being ex- 
panded over great part of its surface, though not 
contiguous to it. The iris is com|X)sed of two 
kinds of muscular fibres ; the one softened, like the 
radii of a circle, toward its centre, and the others 
fbnn a number of concentric circles round the same 
centre. The central part of the inn is perforate<l, 
and the orifice, which is called the pupil,, is of no 
constant magnitude ; for, when a very luminous ob- 
ject is viewed, the circular fibres of the iris con- 
tract, and diminish its orifice; and, on the other 
hand, when objects are dark and obscure, the radial 
fibres of the iris contract, and enlarge the pupii^ so 
as to admit a greater quantity of light into the eye. 
The iris is variously coloured in different persons, 
but according to no certain rule. In general, they 
whose hair and complexion are light-coloured, have 
the iris blue or gray ; and, on the contrar 
whose hair and complexion are dark, hav< 
cf a. deejp brown. But what specific diffei 
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may occaiiion in the scase, or whether any at all, 
not discovenihle. Within the uvea is anotiier mi 
branc, which, at the circuinlerence of the con 
becomes fibrous, and is called the li^amentitm cttu 
Thifi ligature is attached to the arcumferenoe t 
double convex lens, whose axis correqmnds with 
centre of the pupil, and which, by means of 1 
fibres, can he altered, in a, small degree, in positii 
and perhaps in figure. This lena is termed U 
cryatallijie humour ; and is included in a very Eti 
aad transparent membrane called the arachnoi 
Between the crjBlatline humour and the cornea 
iiontaiued a clear transparent fluid, called theaqi 
ous humour ; and between the crystalline hunu 
and the posterior part or bottom of the eye, is 
eluded another clear transparent duid wliich is call 
tlie vitreous humour. The refractive density of tl 
crystalline is greater than those of the humours & 
surround it. On the side next to the nose, a net 
is inserted in the bottom of each eje, about Iwent 
(ive degrees from the axis of the crystalline, wbii 
after entering the eye, is spread into an exceedii 
fine coat of network, termed the retina. Lastly, 
very black mucus or slime, is spread over all the i 
ternal parts of the eye, that are not transparent, el 
cept the anterior part of tlie iria, which, as bcfo 
observed, is coloured. 

From this account of tlie stiucture of the eye, 
shall proceed to that of vision, or the act otpe 
ceivine external objects by the organs of agh 
And this is well defined to be a sensation, by whid 
from a certain motion of the optic nerve, made 
the bottom of the eye by the rays of light emitted 
reflected from objects, and hence conveyed to th 
common sensory in the br^n, the mind perceives th 
luminous object, its quantity, auality, figure, & 
And thus all tlie modem philosopners, whetbe 
Carteosap or Newtonians, agjee, that viaon is pel 



On Viiion. 71 

fanned by rays of lig^t, reflected from die several 
pants of objects received in at the pupil, refracted 
and collected in their passage, through the coatii and 
faumours betore-mentioned, to the retina; and thus 
Onkiog, or making an impression, on so many points 
of it ; which impression is conveyed to the brain, &c. 
by the (XHrespondcnt capillamenti^ or fibres, of the 
optic serve. 

Tbe cCTTjea, or second coat of the eye, being of 
a convex figure, performs the ofBce of a glass Jens. 
To illustrate this by a familiar example, put a glass 
iens into a hole made in the wndow-sli utter of a 
iWl; room ; jn^sent a pasteboard to this lens at a 
•uhable distance ; and you will immediately have a 
picture, in which all the objects without will be 
[■inted to tJie greatest premsion, and according to 
bU the rules of the most exact perspective. It will 
he like a moving picture whenever these objects 
Dwve. You will then see rivers rushing down from 
tbetopsof mountains, and meandering m the plains; 
birds hovering in the air; fishes sporting on the 
uirlkce of the water; flocks frisking in tlie mea- 
dows; and, in £ne, alt the possible varieties of 
pruBpecL 

Substitute instead of the lens the real eye of an 
oi, newly stript of its teguments, and you will see 
the eame picture on the membrane which covers tlie 
bottom of^it ; but all the figures will be painted in a 
much Bnialter size. You can never be tired of ad- 
miring the extreme dehtacy of this piece of minia- 
ture, and you will be astonished to behold a field, 
Kftecn or twenty miles square, exactly dehneated on 
afueoeofvellum t^afew lines in lengtii. 

The structure of the eye of an ox is the same, 
widi req}ect to tlie essential parte of it, as that of 
oun; and thus the mecliitnism <X vi^on is ex- 

£1. The humours of the eye are the lens of 
mera obscura; tl>e retina is the pasteljosrd. 



I 
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'rhu black skin, wluch hangs within the pupil, } 
forms the office of a Bhutter that excludes the h, 
— iit extinguiahea the rays whose reflection wo 
render the image leas distinct. The pupil, by e 
tracting or dilating itself in proportion to uie 
.tensity of the light, moderates ttie action of the 
on tlie retina; and the nerve, placed beliind 
communicates to the brain, as before observed, 
various concus^ons it rect^ves, and to wliich varJoriti 
perceptions correspond. 

In the theory of vision there are many curiou.= 
.phenomena, which have exercised the ingenuity oi 
tlie most learned men. Whence comes it, lor in- 
stance, that all external objects are painted iaverUN 
.«n the retina, and that we see them, neverthdei 
in their real situation.^ Whence is it, Lhatolgai 
tif the grealeat magnitude are deliucate<l tm the < 
with extreme minuteness, and yet we perceive en 
thing in its proper size? Whence is it, tliat if 
look down irom the top of St. Paufa cathedisL: 
J.^ndon, we see beneath us many thousand housei 
that great metropolis, each painted so cxoctlv io ( 
eye m a space hardly three times larger Umn 1 
head of a pin ? So many millions of rays enter 
^ very small aperture ; they are united on llie jQeti 
at the bottom of the eye, without confusion, s; 
constantly preserving the same order which t 
point>^ of the objects liad that emitted tliem. Let 
, ascend a high rock, and observe a fleet in full ■ 
at sea; let us contemplaU; the sea itself, and wl 
millions of waves may oe discovered ! Each of the 
nevertheless, reflects masses of rays upon our ey 
the size of which is so minute. In an extenr 
country prospect, every tree, and even every bli 
of grass, emits its rays; without which it would 
impossible for us to percdve the uninttnupted vi 
dure of all the fields beneath us. Is it nut w( 
derful too, that we do not see objects double ; 



Ko. iLVi. On Vision. 7S 

diat although we have two eyes, eacli object still ap* 
pears but one? 

But there is another circumstance to excite our 
-'idmiration. The objects we behold are not visible 
to us alone : we have just observed, Avith astonish- 
ment, the number of ravs they send on a space so 
mall as tliat occupied 1)y the pupil of the eye. 
They all send as many more to every part of me 
mass of air that surrounds them. Wherever, there- 
Sjfe, we may remove, new rays replace the first, and 
render the same objects Ansible to us, that we had 
feen. in cnir former situation. All the rays necessary 
to effect this had existed before, and waited only for 
eyes. But the rays admitted into the eye are not all 
equally eflScacious. Beside these, there are innu- 
merable others, which, being much weaker, are 
e&ced by the splendour of the first, but which aie 
constantly ready to perform the same functions, if 
necessary. 

But now few are there who reflect on the won- 
derful phenomena of vision? From the habit of 
seeing, the instant we open our eyes, we are apt to 
rej^urd this operation as a thing extremely simple, 
aim easy to be understood. Nevertheless we are 
still far remote from an ability to explain all tlie 
phenomena of vision. We know, indeed, how 
the image is formed at the bottom of the eye ; we 
know also, what all the parts of the eye contribute 
to this. But this is not sufficient ; for tlie eye itself 
can have no idea of what passes within it. It is ne- 
cessary, therefore, that the impression which the 
rays make upon it should be propagated to the 
brain, and that, to accomplish tiiis, the rays paint 
the image on a network of nerves which correspond 
to those of the brain. In this manner, the motion 
impressed by the rays on tlie nerves of the retina, is 
transmitted to the brain by the optic nerve : 
yond this we can describe no more ; for "^ 
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■perfi.'ctly know the nature of the brain, nor tbe' 
of its various partM '. 

We know enough, however, to induce us to 
mb^ and to adore the unspeakable power, and , 
dom, and goodness of God7 Whatever remains ii 
accessible to our comprehension, is tlie work of a 
Supreme Intelligence, conspicuous in every objei 
Whether in ourselves, or in every thing that su 
rounds us; an Intelligence, whioli never ceases 
employ the wisest means to accomplish the mc 
benevolent ends.- — The great philosopher of a 
tiquity, in his treatise Dt: 'Nutuia Deorum, w 
sensible of the wisdom and contrivance displayed 
the construction of the eye : ' What artificer h 
Nature, whose direction is incomparable, could si 
artfully have formed the senses? She haa covere 
and invested the eyes with the finest memhranei 
which she has made transparent, that we may si 
through them, and firm in Uieir texture, to preaerv 
tile eyes. She has made them shppery and move 
able, tliat they might avoid what would offem 
"Ihem, and easily direct the sight wherever theytnlL 
The point of sight, which ia called the pu| ' 
'nnall, that it can easily shun whatever may 
hiulful to it 'I he eyelids, which are tlieir eoi 
ings, are soft and smooth, that they may not inji 
the eyes, and are made to shut at the apprehens 
of any accident, or to open at pleasure; and tin 
movements Nature has ordained to be made in 

instant. They are fortified with a sttrt of paJii 

■of hairs, to keep off what may be noxious to thei^ 
when open, and, when sleep closes them, to be« 
fence to their repose. Besides, they are conimO; 
diously defended Ijy eminences on every side ; frai, 

I They who wish lo cootemplale ihis aiibjecl wiih [liii- 
Insophicfll ace uticy, should jieruac the Kfv, Aii'Ircw Horti'i 
" mious essay eiitilleil ' The Seat of Vision deietmined.' 
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the upper part, the eyebrows turn aade the 
that falls fit>m the roreliead ; the cheeks be- 
having a little liiang, protect the lower ; and 

note is pBtxd between as a wall of sepaiation.* 
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M SOUND AND THE SENSE OF HEARING. 



Auditor sonus^ et tox omnis^ in aures 
insioiiata sno pepulere ubi corpore sensom. 

LUCRETIUS. 

Mark how the spirits, watchful in the ear. 
Seize andulating soands, and catch the vocal air. 

BLACKMORK* 



SOUND may be defined to be a perception of 
die Boul^ communicated by means of the ear ; or 
the effect of a collision of bodies, and a tremulous 
nodan in consequence of that collision, commu- 
aicaled thence to the circumambient fluid, and pro- 
funted through it to the organs of hearing. 

To explain this definition I must observe, that 
fiben. obtuse bodies move in elastic fluids, they con- 
dense that part toward which they move, at the 
ame time that the part from which they recede is 
rarefied. This condensation, or rarefaction, must 
produce an undulatory or \4bratin^ motion in the 
fluid. Thus, if a body, by percussion or otherwise, 
be put into a tremulous motion, every vibp 
the body will excite a wave in the air, wT 
proceed in all directions so as to form i 
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sphere ' ; aiid the quicker the vibratii 
body succeed each otlier, the less will 
stance between each successive wave. The' 
excited in the mind by means of these waves, 
enter the car, and produce a like motion in S 
membrane, stretched obliquely across the auAc 
passage, is called sound. But the term is I 
quently used to imply, not only the sensation 
cited in the mind, Dut likewise the affection (rf 
air, or of the sonorous body by which that sensati 
is produced. Thus, we say, that a sound is ai 
air, or that a body sounds when struck, althc 
the affecbon of the air or body is very diffe 
from the sensation. 

That bodies move or tremble when they prodt 
sound, requires no particular prooi': it is tn^deot 
drums, bells, and other instrumcuts, whose v3i 
tions being large and strong are, therefore, __. 
perceptible; and it is equally clear, that a am 
vibration is excited iu the air, because this vibra^ 
b communicated through the air to other bocU 
. that are adapted to vibrate in the same 
thus bells, elapses, basins, and musical strings, « 
sound merely hy the action propagated from oti 
sounding bodies. 

It is established, as well by mathematical 

ing from the nature of an clastic fluid, as from 
periment, that all sounds whatever arrive at the 
in cf^ual times from sounding bodies equally distaj 
when tiiey are transmitted through atmospheric t 
This common velocity is 1142 English feet in 
second of time. The knowledge of the velocity 
sound is of use, for determining the distances 

> The lanie n vitiblc when a stone U thrown inlo sr 
natiiig water : (he waves rxnicd ihereby continue some ti 
10 rise in the dace where the stone feif into ihe water, i 

.are propagateil (hence in concentric circlEs, upon the surf 

'of ine water, to great distance). 
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P69 or other objects : for instance, suppose a ship 
8 a gtm, the sound of which is heard five seconds 
sr the flash is seen ; then, 1132 multiplied by 5, 
es' the distance 5710 feet, or one mue and 430 
• If sound is transmitted .through other gases, 
vdodty is greater or less, according to the 
idty and constitution of the gas which con- 
vit 

i^hen the aerial waves meet with an obstacle 
leh is hard, and of a regular surface, they are re- 
ted, and consequently, an ear placed in the course 
liese reflected waves will perceive a sound similar 
"he ori^nal sound, but which will seem to pro- 
1 firom a body situate in like potdtion and distance 
ind the plane of reflection, as the real sounding 
y is before it This reflected sound is called 
Qcho. 

Phis echo, or repercussion of sounds, is chiefly 
ervable in smootn, tortuous, and hollow places, 
in valleys, caves, and walls, especially in old 
Ited buildings. An echo, therefore, as a pleas- 
, and very often wonderful circumstance, could 
fail to enter into poetical descriptions, and to be 
subject of fiction and personification. The He- 
ws styled Echo the daughter^ and the Greeks 
I Latins, the image of the voice. Thus Virgil : 

Aut ubi concava pulsu 
Saxa sonant, vocisqne ofTensa resultat imago. 

Nor hollow rocks that render back the sound. 
And doubled images of voice rebound, dryden. 

d Horace : 

Cujus recinet jocosa 
Nomen imago. 
Aut in umbrosis Heliconis oris, 
Aut super Piiido, gelidove in Haemo. 
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Whose UullotTed name 
The sportive image of llie voice 
Sli,.ll in ihe sh»ilc4 of iielicuti repeal. 
On findus.oron Hxmua ever cool, fkahci 

In the third book of Ovid's Metamorphosei 
the beautiful Iktion of the Tranafomiation of Ec 
to which I must refer the reader; but the follow; 
extract from Addison's translatioii of it affords 
Bdmirable deacripUon of an echo : 

Eelio in otiiers' words her iilance breaks. 
Nor speaks herself but vthen another apeak). 
She can't begin, but wnits for ihc rcbounil. 
To calch his voice, ami lo relurn the snuod. 
Hence 'lis she praUl» in a fainttr tone, 
With mimic BoundB, and accents noi bet own 
Lives in the shaJy coverts of the ivoods. 
In solitaiy caves, and dark abodes. 

But nothing can exceed the cstjutmte song in A 
ton's Comus : 



Sweet Echo, 

Within Ihy aeryincU, 

Uy slow Meander's margent green. 

And in the violel-embroideted rale. 
Where the love-lorn nightingale 

Nightly to ihce her sad song mounieth well ; 

Canst ihou not tell me ofa geiiile pair 
That likest thy Narcissus are } 

O if ili»u h^ive 
Hid them in some flon'ry cBve, 
Tell roe but where. 
Sweet queen of parly, daughter of ihc sphere. 
En may si thon be irRiislated to the skies. 
And give resounding grace lo all Ileav'n's harmon 

Milton, moreover, makes a noble poetical use of 
philosophy of echoes in Adai ' ormng hymn : 
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VTiinns if I be lilenl, morn or evta. 

To hilJ or valley, rountam, nt frcth ahade. 

Made rocal Irg my lang, and taught kit praitr. 

Afld to thig he makes Adam pathetically allude, in 
b lamentation after the fall : 

woods, O fountains, hillocks, dales, ntld bowers, p 
With other.ccho late I taught your shades 
To answer and resound fjr other song'! 

But I must return to a philogophical di^ussion of 
Aembject The waves of sound beinc thus re- 
Jexible, nearly the same, in effect, as the rays of 
ligit, may be deflected or magnified, by iiiiicu tlie 
ame contrivances as are used m optics. Fruni this 
prininple of reflection it happens, diat sounds ut- 
tered m one focus of an elliptical cavity arc iicard 
much magnified in the other focus; mstitnccs uf 
which ore found in several domes and vaulL«, par- 
ticularly in the whispering gallery at St Paiil's ca- 
fliedral in London, where a whisper uttered at one 
■de of the dome is reflected to the otlicr, and may 
be very distinctly heard. On this principle alsu is 
CDostructed the speaking tnimpet, which eiilier is, 
tr ought to be, a hollow parabolic conoid, ha\ing a 
perfaration at the vertex, to which the mouth i?^ to 
be applied in speaking, or the ear in hearing. 

But to what purpose would be all thest; observa- 
titms on the nature and properties of sound, if tlie 
human frame were not made capable of receiving it ? 
How adorable then ia the goodness of the great 
Creator, in having not only disposed the air in such 
a manner, that sound may be produced by its vibra- 
liiHis, but in having ^ven us an organ capable of 
itt»ving these sonorous vibrations. 



le very remarkable echoes, 
HI thi» «ubj( 
thikti^ig itfNatttTt, vol. i. p. 93. 
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The poation of tlic car is admirable; for it is* 
-placed in the most convenient part of the body, near 
we brain, the common seat of all the senses, to give 
the more speedy information ; in a part where it cut 
be best guanUt) ; and in the neighbourhood of Iti, 
' (ter sense, the eye, with which it has a peculiar 

id admirable communication by its nerves. 

The structure also t>f the ear, no less than its p(v 
ntion, may evince intelhgenoe, wisdom, and design. 
The ear may be considered as exterior and intenor. 
And if we obsei've the structure of the exterior eat 
ib all kinds of animals, we catmot but prceive how 
wonderfully it is adapted to the respective exigendes 
of each. In man it is of a. form proper for the erect 
posture of his body : in birds, of a form proper for 
Sight, not proluboTint, which would obstruct tli^ 
progress, but close and covered, to afford the easier 
passage through the air. In quadrupeds, its formis 
j^^reeable to the posture, and slower motion, nf thdr 
bodies ; and in these too, various, according to their 
various occasions : in some, large, ereet, and open, 
to hear the least appoach of danger : in others, co- 
Vered, to keep out noxious bodies. In subterran&i 
ous quadrupeds, ^vhtch are forced to mine and dig 
fer their food and habitation, as a. protuberant ear, 
like that of other quadrupeds, would obstruct tlieir 
labours, and be liaole to be torn and iniiu-ed, thar 
ears, on the contrary, are short, lodged deep, and 
backward in the heaid, passing to the imder part - 
ii, and all sufficiently fenced and guarded. To mt 
tion one instance only; the mole is, in this respect, 
fli sul»ect of curious discussion : it has no protuberant 
ftr, but only a round hole between the neck and 
(Moulder, and this ^tuation, ivith the thick short 
fiir, that covers it, is a sufficient defence against all 

Ltemal annoyance. 

And, as the form is various in various animals, 
■BO, in each of tliem, its structure is very curious and 
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tdble ; being admirably contrived to collect the 
Ting circumambient impressions, and unduIiU 
if sound, and to convey them to the sensory 
- — But I shall now coimne my survey to the 
lear. 

2 first thing we observe is the auricle, or ex- 
ear, with its tortuous cavities, formed to stop 
>Ilect the sonorous undulations, to give them 
le circulation and refraction, and so convey 
to the concha, or large capacious round cell, 
entrance of the ear. And the great contriv- 
iisible in the outward ear, is in nothing more 
mt than in this circumstance, that they whose 
re cut off, have but a confused way of hear- 
id are obliged either to form a cavity round 
IT with then: hand, or else to make use of a 
g trumpet to supply the defect The carti* 
us substance of the outward ear, is likewise, 
bviously, another wise provision of the great 

the interior part of this admirable organ we 
bserve, in the first place, the auditory passage, 
sly tunnelled and turned, to ^ve sounds an 
assage, as well as a gentle circulation and re- 
n, and likewise to prevent their too furiously 
g in, and assaulting the more tender internal 

prevent, moreover, the entrance of noxious 
^ which are apt to make tlicir retreat in every 
lole, Nature has secured this passage with a 

nauseous substance, called earwax, which is 
2d by the glands apjx)inted for that purpose, 
; next principal thmg to be observed, is the 
rana tyTr;paiii, or drum of the ear, witli its in- 
mibrane, *h'j fuur little appendant bones, and 
•ee inm ! ri". ■•l(^s to move them, and to ad- 
e whole :',..'::. Lo die several piuposes of hear- j 

i:5 \ 
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ing, to hear loud or sof^ discordant or i 
Bounds. 

The passage just behind the drum of the 
«alled the vestibulum, being, as it were, the 
chamber or entrance to two other cavities. 
£rst of these h called the labyrinth, and consists 
certain semicirculur canals ; and the second b called' 
cochlea, from its resemblance to a snail shelL The 
labyiinth appears to have something of the me- 
chanism and uses of a hearing trumpet ; while the 
cocidea appears to be destined for the more delicate 
and refined uses of hearing', such as the formii^ and 
modulating of musical and harmonious sounds- 
There is one particular contrivance of the nerves 
ministering to tlie sense of hearing;, that must not be 
passed over; which is, that the branches of one of 
the auditory nerves spread partly to the muscles (rf 
the ear, partly to the eye, partly to tlie tongue and 
instruments of speech, and inosculated with the 
nerves to go to the head and breast. By these mean^ 
there is an admirable and useful consent between 
the parts of the body ; it being natural for most ani- 
mals, upon the hearing of any uncouth noise, to erect 
their ears, and prepare them to catch every sound; 
to open their eyes, those constant fmthful centinels, 
to stand upon the watch ; and to be ready with the 
mouth to cry out, and utter what the present ex» 
cency may sua!;est. And this is, accordingly, usual 
lor most animals, when surprised or terrified by any 
frightful noise. 

Such are the nature and properties of sound, and' 
Buch the admirable structure and uses of the ear, ■!£ 
it be asked why, when a word is pronounced, it es- 
tates a certain idea, and not a simple tone ; or haw 
a sound can act upon the soul, and produce so many 
different notions ; we are obliged, in this respect, to 
" IS our absolute ignorance. 
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We know enough, however, to be assured, that 
the ear is one of the most convincing proofs in na- 
ture of the divine wisdom and eoodness ; and well 
may we exclaim with the royal Psalmist, ^ Such 
knowledge is too wonderfulfor me : it is high, and 
[ I canhot attain unto it, nut I Kill praise thee, O 
Lord;Jor I amfearjullj/ and wondtrfully maie^ 
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ON TUB SMELL, TASTE, AND TOUCH. 

3il Next in the nostrils she doth use the Smell, 
^ . As God the breath of life hi them did give : 
So makes He now this power in them to dwell, 
To judge all airs whereby we breathe and live. 

'^ DAVIES 



Taste after Taste upheld with kindliest change. 

MILTON. 

fiy Touch the Brst pure qualities we learn. 
Which quicken all things, hot, cold, moist, and dry; 

By Touch, hard, soft, rough, smooth, we do discern ; 
By Touch, sweet pleasure and sharp pain we try. 

DAVIES. 

BEFORE I enter into a consideration of the re- 
maining senses, the Smell, Taste, and Toudi, I 
diall make some observations upon the Senses in 
general By certain wonderful organs of the body, 
man is susceptible of a variety of sensations. We 
have seen, that by the eyes, he can acquire the per- 
ception of light and colours ; and, by the ears, the 
perception of different tones. By the smell and 
taste, moreover, he perceives certain agi'ecablc or 
disagreeable emanations^ savours and odours, sweet 
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and bitter, and other similar properties in the bodi 
or BubstancoH which approach the nose, or are A 
nutted into the mouth. And finally, by the touc 
which \s diffused over die whole body, he has t 
sensations of heat and cold, of moist and dry, of 
and hard, &c. 

These tive senses thus useful to man, and inde 
essential to his happinoRs, have been the sul^ect 
poetical illustration, in one of the earhest penods ' 
English versification. Sir John Davies, who fid 
rished in the reign of queen Elizabeth, thus fl 
presses himself, in his excellent poem on the L 
mortality of the Soul. 

This power is sense, which from abroad dolh htiog 
The cniout, [uste, and louch, and scent, and aouod. 

The qiiantii} 3i)d shape of ever; thin^ 
Within eariira centre or heaven's circle founil : 

Aa<l though thing) t«<i^ib|e be numbeileas, 
But only fii e ihe senEe's orgtins he ; 

And m those five all things iheir forini express. 
Which WE can tuucly, taste, smell, or hear, or sec. 



Hr?^d 



the soul a nanire, which c( 
r of sense within a greater power, 
:h doth employ ami use the seiihe'j pains; 
id rules within her private bower.- 



If we hail nought but sense, then only they 
Should have sound minds whi«h have llieir senses so 

But wisdom prows when senses do decay. 
And folly most in quiukest sense is found. 

The sense nest in order, after those of s'^ht 
hearing, which wcTiave been already describing, 
Smell, which is that whereby we become sensih 
of odorous bodies. The principal organs of lb 
flense are the nostrils and oH'af tory nerves ; the m 
nute ramifications of which latter are distriliuti 
throughout the whole concave of the former. 



* - 
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Smelling is perfonned by the odorous effluvia, 
flowing in the air, being drawn into the nostrils, by 
inspiration, and struck with siich force against the 
fibrillae of the olfactory nerves, as to shake them, 
and ^ve them a vibratory motion ; which action 
being communicated thence to the common sensor}^, 
occasions an idea of a sweet, or fetid, or sour, or 
aromatic, or putrified object, &c. And it is ob- 
served by the great Boerhaave, that the matter of 
animals, vegetables, fossils, &c. which chiefly af- 
fects the sense of smelling, is that subtile substance, 
inherent in the oily parts thereof, called spirits ; be- 
cause, when this is taken away from the moist fra- 
grant bodies, what remains has scarce any smell at 
all ; but this, poured on the most inodorous bodies, 
will give them a fragrancy. 

Brutes have generally the sense of smelling in 
much greater perfection than man ; as by this alone 
they distinguish the virtues and qualities of bodies 
unknown before ; hunt out their food at a great dis- 
tance, as hounds and birds of prey ; or find it hid 
among other substances, as hogs and ducks. But 
man, having other means of judging of his food, 
does not need so much sagacity in his nose. 

Dr. Derhara observes, that although tlie appa- 
ratus for smelling be sufficiently grand and admira- 
ble, it is not so complicated as that of the eye and 
ear ; it being sufficient in this sense, that the odo- 
riferous effluvia of bodies have a free and easy pas- 
sage to the olfactory nerves, without the formalities 
of refractions, and other preparations necessary to 
the perfection of the two former senses. And, ac- 
cordingly, the All-wise Creator has made sufficient 
provision for the reception of smells^ by the aper- 
tures of the nostrils, which are not made of nesh 
and bone, but are cartilaginous, the better to be kept 
open, as well as to be cmated or contracted, as oc- 
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casion may require ; for which semce they have k- 
veral curious and proper muscles. 

As it ifi by inspiration, moreover, that the 
Otis particles are inhiileil, and conveyed tu the 
sory, Acre is another very wiae provLuou in the I»^< 
minK with which the upper part of the nose is bar-t ' 
ricaded, and which serve two excellent purposes^,) 
partly to fence out any noxious substances &oii^^ 
entering the breatliing passages in our slec^ txti 
when not aware of them ; and, partly, to receiy^ 
the divarications of the olfactory nerves. And it ig^ 
fomid, that these lamina; are always larger, 3tl4^ 
folded up together in greater numbers, in proportiooj 
as tlie animal bos tins sense more accurate i thnrM 
various windings and turnings detaining and fettea*^ 
ing a great quantity of the odoriferous particle. j^ 

The Taste may be defined to be that sensadoQ^ 
which all things, taken into the mouth, give par^^, 
ticularly to the tongue, the papiUsa t^ which arethi^ 
principal instruments thereof. These pafulls: are sa, 
called fi'om their resemblance to httJe pape, and^ 
when viewed in the microscope, appear like the [hI^i 
of velveL But tlie greatest writers have differed^ 
on this subject. Some conader the palate, the uppex 
part or roof of the mouth, to be tlie instrument <£ 
taste. Of this last opinion is Mr. Locke, who obt 
serves, that * light and colours come in only by th^ 
eyes, alt kinds of sounds oidy by the ears, the se-j 
veral tastes and smells by the nose and palate.' Tlut\ 
o[nnion is luthcruusly alluded to by Prior, in his 
poem of Alma : 

By nerves about nur palate |)laceil. 
She ' likewise judges of the tuslc : 
Elw, diaitial thutigllt 1 our watlike men 
Might driiik thick port for fine Champagne. 

■ Alms, the Mini). 
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JBut whether ihe organ of taste be seated in tlie 
t(Higue or in the palate, the Divine tt'isdom is not 
\em apparent in this sense than in all the others. 
The judicious Derham ohaerves, that our Creator 
seems to have established a great consent between 
ihe eye, the nose, and tongue, by ordering the 
tmncbes of the same nerves to eatth of these three 
ants, as also, indeed, to various other parts of the 
tody : by which means there is aJl the guard that 
can be afi^nst pernicious food ; since, before tt be 
admitted into the stomach, it is to undergo the trial 
of three of the senses; the scnitiny of the eye, that 
(trici sui-v'cyor of its outward appearance, and the 
nobatioD <u the smell and taste, the two severest 
judges of its natixral constitution and composition. 

The Touch, or Feeling, is the fifth sense; by 
nluch we acquire tlie ideas of sohd, hard, soft, rough, 
hot, cold, wet, drj-, or other tangible qualities; 
sa also of dlstancD, itching, pain, kc. It is the 
grossest, but, at the same lime, the most exquisite 
of our senses, having more objects than all the rest 
laJien together ; and some even reduce all t]ie other 
Knaes to tliis one of feeling. 

The latest and liest aufliors hold the immediate 
n^an of the sense of feeling to be the pyramidal pa- 
ImDie under the akin. These papilla; are little, sort, 
medullary, nervous prominences, lodged every where 
iDHuediately under tlie cuticle or outermost skin. 
They are formed of the subcutaneoue nerves, which 
are largest and most conspicuous in those parts 
chiefly designed for the office of feehng ; namely, 
die tongue, and the tips of the fingera and toes; 
and they are both conU-aclible and exfrnnavo at 
pleasure. And, thei-efore, feeling is tlius effected : 
the tip of the finger, for instance, being ap|)lied to 
the ongect to be examined, by the intention of tlie 
nund Uie papillie are emitted or elevatctl, and being 
■lightly rubbed over the surface of the object, a mo- 
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tinn is impressed on iheni, which being propagat 
thence by the nerves communicating with tliem 
the cotDmon sensory, excites the perecptioa of heal 
cold, harshness, or the like. — The nerves are spi 
in a manner incomparably cuiious throughout 
whole body. But to describe their origin in 
brtun and spinal marrow, their ramificaUons to aff' 
the ports, their inosculations with one another, Ike. 
by which not only the sense of feeling is perftKTiied, 
btit ulso animal motion, and an admirable consent 
and harmony between all the parts of the body is 
eflfectcd, more properly belongs to an anatomical 
accotmt of the nervous system. 

Feeling is, on many a(.«ounts, the most univeraal 
of our senses, no animal being without it; not eivea. 
those that are generally thought to have no other 
sense, as oysters and earthworms. Naturalists ob- 
serve that spiders, tlies, and ants have this sense ia 
much greater perfection than man; although we 
have instances of persons who could distinguish co- 
lours by their feeling, and others who could po'- 
ceive what people said by the same sense. In loiiid 
persons the defect of sight has been supplied by an 
exquisite touch, or sense of feeling, which they have 
had in such perfection, that, as it has been said fiS 
some, they learned to hear witli th^r eyee, it may bs 
said of diese, tliat they taught themselves to see with 
their hands. A passage, therefore, in Shakspeare's 
£ing Lear, which has been tliought a fine botdDess 
of expression, is extremely natural and pathetic: 



O dear a 
Miglit I but live to see thee ii 
I'd say, / had eyei again. 



a Edgar, 



ack. 



' The dispersion of tlie sense of feeling tliroughout 
the body must not be unnoticed. 1 he other senseg^ 
it has been observed, are seated in the very best 
enfiar^ BeKef.«adiCW BfeM ^i-tfae guard and be 
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nefit of the animal : and as it was necessary botli to 
tte existence and wellbeing of die Ixxiy, that every 
part shoidd be sensible of things safe, or things prc- 
judidal to itself, it is, therefore, an admirable con- 
trivance of the great Creator, to disperse this sense 
rf feeling through every part, in order to distinguish 
between pleasure and pain, and between what is sa- 
lutary and what is hurtful. 

In the account which I have thus given of the 
five senses, in the present and two preceding papers, 
it is evident that there is an economy in them wor- 
thy of the Creator, and manifestly demonstrative of 
infinite power, wisdom, and goodness. For, whe- 
ther v^ consider the mechanism of the organs, or 
die great use and convenience of each sense, we find 
them noble and grand, curious and artificial, every 
way worthy of an omnipotent hand, and beyond the 
skill and contrivance ofaught but Deity. 

The Contemplative Philosopher, then, ^vill never 
fidl to recoUect, that what the Deity has thus pro- 
vided for our use, was provided for the noblest ends. 
Tully, after expatiating, in liis treatise, De Naturd 
Deorum, on the accurate discernment, and admira- 
ble uses of the eye and ear, thus complains : * Our 
other senses of smelling, tasting, and feeling, are 
likewise possessed of very acute discernments ; for the 
gratification and indulgence of which, more arts have 
been invented than I could wish ; for it is evident to 
what an extravagant degree the composition of per- 
Aimes, the seasonmg of meats, and other refinements 
of sensuality, have been carried.' — Happy the philo- 
sopher, happy the man, who disdains the employ- 
ment of such faculties to the purposes of mere sen- 
sual enjoyment. How grateful should he be whose 
sight enables him to avoid, the various perils by which 
he is surrounded ; to behold the magnificence ol'the 
heavens ; the beauties of landscape, and numberless 
diversities of* Creative Power : whose /icaringieYvdftts 
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him capable of guarding against every danger t 
may menace Iiim at u distance; to engage in tl 
sweet intercourses of rational conversation and e 
dearing scntimtnt ; to receive from others the oolde 
lessons uf instruction ; and to listtu witJi rapture, : 
the soothing charms of melody, or to the grand 
combinaUons of harmony ; who, by liis stinll ai 
taste, can distinguish witn accuracy, what is saluta 
from what is unwholesome in his food, and can 
susceptible of the pleasing sensations which i; 
suit from tlie fragrant beauties of spring, or tl 
lavish bounties of autunm : and, finally; whose /e< 
ing is so conducive to self-presenation, and pa 
ductive, in such a variety of respects, of exquis 
delight. He will recollect, that our senses. By t 
ideas which they admit, are the sources of still nob! 
pleasures — the pleasures of the heart and unde 
Btandiug ; wliich, cultivated with constant asidduit 
are so many flowers strewed along llie paths th 
lead to heaven and imniortaJity. For yet a litl 
while, and the ej/e will be no longer charmed wi 
the beauty of terrestrial objects ; the ear no lonj 
captivated by tlie cnchontmg tones of muac; t 
srjtel/ and laste will be insensible to the moet fk 
grant sweets, and the most delicious viands ; and tj 
tomb, now susceptible of such exquisite sensatloi 
will cease alike to affect with pleasure or with pain ; 
a word, when nothing will remain but ihe memori 
of virtuous fame, and (if fitted for such felicity) 
resurrection to the blessedness of the just. 
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No. XLIX. 

OK LIGHTNING AND THUNDER. 
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Malta tamen restant, et sunt ornanda politis 
71 Yersibns, et ratio coelif speciesque tenenda : 

t| Sant tempestatesy et fulmina clara canenda. 

Quid faciant^ et qui de causd cumque ferantur. 

LUCRETIUS. 



L»g these are parts efhis ways J But how little a portion 
it heard of him ! But the thunder of his power who can 
uierstandf job. 

Loud thunder, lirid flames, and Stygian night. 
Compounded horrors, ail the deep affright. 

BLACKMORC. 

THE wonders of the Divine Wisdom in our at- 
mosphere are inexhaustible. Of that element itself, 
with various properties and beneficial uses of it, and 
some of the most common meteors observable in it, 
I have akeady treated. But, as the philosophical 
poet observes, in my first motto, * much still re- 
mains to be discussed ;^ and, the more we extend 
our researches, the more shall we be convinced, with 
the venerable patriarch above, that we know but 
Stde in comparison with the secrets of Nature that 
are yet unknown, and which, by mortals at least, 
may continue for ever unexplored. 

In our atmosphere is observable a variety of me- 
teors; that is, certain changeable, moveable, im- 
perfect mixt bodies, or resemblance of a body, formed 
of the matter that floats in the atmosphere, and ex- 
hibiting various appearances. These meteors * are 

» The Greeks call them fAiTECtfp«> that is, suhlimia, high" 
raised; the Latins impressiones, as making signs or impres* 
sioDs in the air. 
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cither aiirial, aqueous, or fiery. 'I he at^rial metetH 
conaiGt of flatulent and spirituous exhalations; sue 
as winds, whirlwinds, and hurricanes ' : the aqueot 
kind arc composed of vapours or watery particla 
variously separated, and condensed by heat and cold 
such arc clouds, rainbows, hail, snow, rain, del 
and the like ^ : and the fiery sort are lightmng, 
rora borealia, igme fatuus, draco volans, tailing star 
and other flery phenomena, appearing in the ^.- 
Of these fiery meteors, tlic lightning, which is amon 
the most formidable phenomena of Nature, shall I 
tlie subject of this paper, and the others shall I 
treated of in a fttture one '. 

Agreeably to the method I have adopted, of ei 
livening my subject with poetical illustrations, whca 
ever it would admit of it, I shall preface the philosf 
phical theory with Thomson's celebrated descriptio 
of a storm of thunder and lightoing 



BeholiI, Elow-Bcttline o'" 'he Itirid grove 
Unusual darkness brooilsi and growing galas 
The full possession of ihe sky, surcharged 
With wrathful vapour, from the secret beds. 
Where sleep ihe mineral generations, drawn. 
Thence nitre, sulphnr, and the fiery spume 
Of fat bitumen, steaitiingoii the day. 
With vatious-tiiiclured trains or latent fliiine. 
Pollute ihs shy, and in yon baleful cluud, 
A reddening gloom, a magazine of fate. 
Ferment; lilT, by the touch ethereal roused, 
The dash (ifclouds, or Irrilntiiig war 
Of lighling winds, while all is calm below. 
They furious spring. A boding silence reiani. 
Dread through ihe duoi eypausc; save ihe oull £Ouad 



■ See No. II. On Winds and Stomns. 

' See No. X LV, On Colours, for the phenomenon of iht 

rainbow; and No. xii for aii account of the other aqucou 
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That from the mountain, preTious to the storm » 
Rolls o*er the mattering earth, disturbs the flood. 
And shakes the forest- leaf without a breath. 
Prone, to the lowest vale, the aerial tribes 
Descend : the tempest-loving raven scarce 
Dares wing the duoious dusk. In rueful gaze 
The cattle stand, and on the scowling heavens 
Cast a deploring eve ; by man forsook. 
Who to tne crowded cottage hies him fast, 
Or seeks the shelter of the downward cave. 
. *Tis listening fear and dumb amazement all : 
When to the startled eye the sudden glance 
Appiears far south, eruptive through the cloud ; 
And following slower, in explosion vast. 
The thunder raises his tremendous voice. 
At first, heard solemn o'er the verge of heaven. 
The tempest growls ; but as it nearer comes. 
And rplls its awful burden on the wind. 
The lightnings flash a larger curve, and more 
The noise astounds : till over head a sheet 
Of livid flame discloses wide ; then shuts. 
And opens wider ; shuts and opens still 
Expansive, wrapping ether in a blaze. 
Follows the loosened aggravated roar. 
Enlarging, deepening, mingling; peal on peal 
Crushed horrible, convulsing heaven and earth. 

Down comes a deluge of sonorous hail. 
Or prone-descending rain. Wide-rent, the clouds 
pour a whole flood ; and yet, its flame unquenched, 
Th' unconquerable lightning strucrgles through. 
Ragged and fierce, or in red whirling balls. 
And fires the mountains with redoubled rage. 
Black from the stroke, above, the smouldering pine 
Stands a sad shattered trunk ; and, stretched below, 
A lifeless group the blasted cattle lie : 
Here the soft flocks, with that same harmless look 
They wore alive, and ruminating still 
In fancy's eye ; and there the frowning bull. 
And ox half-raised. Struck on the castled cliff. 
The venerable tower and spiry fane 
Resign their aged pride. The gloomy woods 
Start at the flash, and from their deep recess. 
Wide flaming out, their trembling inmates shake. 
Amid Caernarvon's mountains rages loud 
The repeicussive roar: with mighty crush. 
Into the flashing deep, from the rude rocks 
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or Penni.-ienmaur heaped hideous to the shy, 
Tumble the tmiiteii cuffs ; an<l Snondon'a penk, 
DisioUing. iiislant yields his winterv bad. 
Pjr-seen, ihe heights of heathv Cheviot blaie. 
And Thulfe bdlows through h'er utmnst isles. 



And more formidable still is his deacriptifxi of « 
thunder-storm in tlie torrid zone: 

In bhting height of noon. 
The sun, oppressed, \s plunged in ihieltesl gloom. 
Still liorror reigni, a dreary twilight round. 
Of tiniggling night and day maticnant mixed. 
For to the hoi eqaatnr crowding faal. 
Where, htfthl; rarefied, the yielding air 
'Admits their stream, incessant vapours roll, 
AntBiinff clouds on clouds conlinual heaped ! 
Or whirini lempestunus by the gusty wind. 
Or silent borne along, heavy, and slovt. 
With the big stores of steaming oceans chorged. 
Meaniiine, ainid these upper seas, condensed 
Around the cold aerial mountain's brovr. 
And by conflicting winds together daahed, 
The thunder hnldt his black tremendous throne : 
From dom! to cloud the rendiop lightnings rage; 
Till, in the furious elemenlal war 
Diwolved, the whole predpitated mass 
Unbroken floods and solid torrents pours. 

Lightning is a large, bright flame, dortiiig swifUf 1 
throueh the sdr, ana extending every way to a t 
siderable distance, of momentary duration, and o 
monly attended with thunder; that is, with a noise \ 
in the lower regions of the air, excited by tlie sudden 
explosion of electrical clouds; which, on this & 
count, are called thunder-clouds. 

To account for the phenomenon of lightning, soma ] 
philosophers have supposed, that trom the particles | 
of auljjnur, nitre, and other eombustihle matters, J 
which are exhaled from the earth, and carried into J 
the higher regions ofthe atmosphere, is formed an in- T 
flammable substance, which, when a sufficient quan- I 
tity of fiery particles is separated from the vapour ] 
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buoyed up into the air, with these particles adhering 
to tnem, by the coUision of two clouds or otherwise, 
takes fire, and shoots into a train of light, larger or 
less, according to the strength and quantity of the 
materials. Others have explained lightning by the 
fermentation of sulphureous substances with nitrous 
adds. 

Had the poet of the Seasons lived at this period, 
Us philosophical theory of lightning would, no doubt, 
have been greatly modified : for, m the present ad- 
vanced state of the science of electricity, lightning is 
universally allowed to be an electrical phenomenon. 
Philosophers had not proceeded fax in their experi- 
ments and inquiries on this subject, before they were 
'Struck with the obvious analogy between lightning 
and electricity ; and they produced many arguments, 
d priori f to ascertain their similarity. But tlie me- 
thod of verifying this hypothesis was first proposed 
by Dr. FrankUn, who, m the year 1749, conceived 
the practicability of drawing lightning from the 
clouds. Having found, by previous experiments, 
that the electric fluid is attracted by points, he ap- 
prehended tliat lightning might Ukewise possess the 
same quahty ; although the effects of the latter must 
aupass those of the former in an astonishing degree. 
Flashes of hghtning, he Ukewise observed, are ge- 
nerally seen crooked and waving in the air ; and the 
dectnc spark drawn from an irregular body at some 
^stance, and when it is drawn by an irregmar body, 
<»r through a space in which the best conductors are 
disposed in an irregular manner, always exhibits the 
same appearance. 

I jgntning strikes the highest and most pointed 
objects in its way, in preference to others ; as high 
hills *, trees, spires, masts, &c. and all pointed con- 



> Feriunt summos 
Fulmina montes. horace. 
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(luctors receive and throw off the electric fluid mxt 
readily than those whidi are terminated by flat sur- 
faces. Lightning is observed to take the readiest 
and best conductor ; and this is tlie case with elec- 
tricity in the discharge of the Leyden phial » ; whoice 
Dr. Franklin infers, tliat, in a thunder-storm, it 
would be safer for a person to have his clothes wet 
Uian dry. I^ightning burns, dissolves metals, rends 
.some bodies, strikes people bhnd, destroys animal 
life, deprives magnets ot their virtue, and reverses 
'their poles; and tliese are well-known properties of 
electncity. 

Lightning not only rives polarity to the magnetic 
needle, but to all bodies that have any portion d 
iron in them, as brick, &c. and, b^ observing whidi 
way the poles of these bodies lie, it may be Known, 
wifli the utmost certainty, in what direction tho 
stroke passed. Bcccaria supposes, that persons are 
sometimes killed by lightning, ^vithout being really 
touched by it ; a vacuum of air only being suddenly 
made near them, and the air rushing out of tlieur 
lungs to supply it, and vnXh so much violence thai 
they could never recover their breath. In proof of 
this he alleges, that the lungs of such persons are 
found flaccid; whereas, when they are properly 
killed by the electric shock, the lungs are found iii- 
flated: but this hypothesis is controverted by Dr. 
Priestley. 

In order to demonstrate, by actual experiment, 
the identity of the electric fluid with the matter of 
lightning, Dr. Franklin contrived to bring lightning 
from the heavens, by means of an electrical kite, 
which he raised, when a storm of thunder was per- 
ceived to be coming on; and, with the electncity 
thus obtained, he charged phials, kindled spirits, and 



* This phial, and other phenomena in electricity, arc treated 
of in No. L. 
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performed all other electrical experiments, which are 
usually exhibited by an excited globe or tube. This 
happened in 175^, a month after the electricians in 
Rranoe, pursuing the method which he had proposed, 
had venned the same theory ; but without any know- 
ledge of what they had done. In 1753, he further 
fiaooyered, that the air was sometimes electrified 
positively, and sometimes negatively; and that the 
douds would change from positive to negative elec- 
tricity several times in the course of one thund^r- 
guflt. He soon perceived, that this important dis- 
covery was capable of being applied to practical use ; 
and he proposed a method, which he soon accom- 
plifihed, of securing buildings from being damaged 
DT lu^fatning, b}r means of ^conductors ; the use of 
nicn is now universally known. 

That the electric matter, which forms and ani- 
nuites the thunder-clouds, issues from places far 
below the surface of the earth, and that it buries itself 
there, is probable from the deep holes which have, 
m many places, been made by Bghtning ; and from 
the flashes which have been seen to rise from wells 
and subterraneous cavities ; as well as from the in- 
undations accompanying thunder-storms, and occa- 
sioned by water Dursting out of the bowels of the 
enth.— -But the limits to which I am confined will 
Qot permit me to recapitulate all the inquiries and 
reasonii^ to which the various wonderful pheno- 
Duoia of lightning and thunder have given rise : I shall 
Iherefore proceed to a few observations, which re- 
ipect the safety of persons that are exposed to the 
pmls of a thunder-storm. 

Dr. Frankhn advises those who are apprehensive 
of danger from lightning, to be in the middle of a 
room (provided it be not under a metal lustre sus- 
pended by a chain) sitting on one chair, and laying 
their feet on another. It is still safer, he says, to 
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biina; two or three mattresses, or beds, into the 
inidiTle of Uie room, and folding them double, to 
place the chairs upon them ; for, as they are not 
such good conductors as the walls, the lightmng yrSt 
not dioose to pass through them: but the saf^ 
^ace of all \n in .a hanimocK, hung with silken cords, 
at an equal distance Imm all the sides of a room.' 
Dr. Priestley ot>serves, that the place of most abso-i 
lute safety must he the cellar, and especially the mii- 
dle ot' it ; for when a person is lower than the surface'^ 
of the earth, the hghtnina must strike the eartli be< 
fore it can posswhly reach him. In the fields, the 
place of sal«ty is within a few yards of a ti'ee, bul 
not quite near it. Nevertheless, Beccaria cautioE 
persons not to depend on the neighbourhood of 
riigher, or, in all cases, a belter conductor than 
own hoAy ; since, according to hiti repeated oba 
tions, the lightning V>y no means descends in one 
divided track ; but bodies of various kinds conduti 
their share of it at the same time, in proportion t« 
their quantity and conducting power'. 

Amon^ the awfiil phenomena of Nature, non( 
have excited more terror than lightning and thunder. 
Some oi" the profligate Roman emperors, of whonj 
historv records that they prwured themselves to b* 
deifled, confessed, by their trembling and hidioj 
diemselves, when they heard the thunder, that tber 
was a Divine Power gi-eater than their own — cedt 

' Earl Sinnhope, in his Principles of Electricity, v/rhuai' 
when lie was Inid Mahiin, obsenes, ihal damage may b 
done by liithmiiig, not only by Lhe main simke and Uwa 
explntiou, bul likewise by thai which he calls lhe returning 
stroke ; ih.ii U, by lhe suifijen violent return of thai partof tl« 
DBluril ahare or electricity of any conducting body, or ■n^f' 
tumbinatitin of eonducling bodie*, which had been ejs&aaWifi 
expelled from such body or bodiei res)iectivrly, by lhe BUpec 
induced elastic electrical preasureof a thiinder-cloud's electrical^ 
atmosphpres. See further on ihii subject, Franklin's Leuew, 
Priettley'i Hist, of Electricity. &c. 
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anteni Jovem *. TTie greatest seciftity against the 
rors of a thunder-storm, although no certaui one 
iinst its effects^ is that life of piety and virtue 
idi is the best guardian of every earthly blessing. 
e good man, who knows that every event is 
ler the direction of an over-ruling Providence, 
I that this life is only a part of his existence, in- 
luctory to the bUssful scenes of immortality, will 
lold the terrors of the storm with unshaken reso- 
ion; grateful to the Supreme Bein^ if pennitted 
escape from the danger ; and acquiescing in the 
one vVill, if thus to be conveyed, by an easy and 
iantaneous passage, to that heaven where his con- 
aation had long been, and to that God with whom 
delighted to walk. 

rhese sentiments are beautifully expressed in the 
owing lines, written in a midnigbt thunder-storm, 
the celebrated Mrs. Carter, and addressed to a 

Y- 

Let coward Guilt with pallid Fear, 

To shelt'ring caverns fly. 
And justly dread the vengeful fate 

That thunders thro* the sky. 

Horace. The ancient Romans gave the appellation ot 
ans, the Thunderer, to Jupiter, their supreme deity ; and 
emperor Augustus consecrated a temple to Jupiter the 
nderer, on account of his deliverance from a great danger 
fhich he had been exposed in his Cantabriao expedition ; 
m travelling by night, the vehicle in which he was carried 
scorched by lightning, and a slave that bore his torch, 
iDtly killed. Tonanti Jovi sedem consecravit, liberatus 
calo, cum expeditione Cantabrica per nocturnum iter lec> 
u ejus fulgor perstrinxissct^ serrumque pr^elucentein ex- 
nasset. Sueton. Octav. 29* And the poet Lucaii addupn 
thnnder as a convincing proof, that Jupiter was the sole 
r of the skies : 

Per fulmina tantum 
«t adhuc solum coelo regnare Tonantem. Phar^. lib. iii. 

e*s thunder will convince them of his reign. 'R.O'WY.. 

f2 
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PfOlecled by lliat Hanil, whoif law 
The ihreal'ning sloinu obey, 

Imrcpid Vitiue smilea secure. 
As ill ihe blaze of day. 

In the thick cloud's itctnendout glooir 
The lighlnings Inrid glare. 

It views the same All.giacious Pow'r, 
That breathes the vernal air. 

Thto' Nature's ever-varying scene. 
By difTreal way] pursued. 

The one eternal end of Heav'n 
1» universal good. 

The same unchanging Mercy rules 

When flaming ether glows. 
As when it lunes the linnet's voice. 



By Reason taught to scorn those Tears 

That vulgar minds molest; 

Let DO fantastic terrors break 

My dear Narcissa's rest. 



And delegated angels round 
Their guardian wings extend. 

When, thro' creaiion's vast expanse. 

The last dread thundera roll, 
Uulnne the concord of the spheres. 

And shake the rising soul ; 

Unmoved maysl thou the final slorin. 

Of jarring worlds survey. 
Thai usher* in the glad serene 

Of everlasting day. 

Dr. Russell has the following pretty linea 
dressed to a lady fearful of thunder : 

Sav, whence this sodden chill, my fair, 
W^hcn ihuoder raules ihro' ihe air? 
Why quits your blood each distant part. 
And hastes to guard the lab'ring heart t 
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The flash thai strikes the villain dead. 
Is taught to spare the guiltless head ; 
Or should by this the virtuous die, 
Twere but on lightning's wings to fly, 
And gain with greater sp»eed the sky. 
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ON ELECTRICITY. 

Causa latet, vis est notissima. orio. 

The cause is secret^ but th' effect is known. 

ADDISON. 

THE phenomena of Electricity are so various, so 
lliant, and so remote from the appearances under 
ich natural bodies are commonly presented to our 
•ervation, that while they amuse the superficial, 
1 excite the attention of the most incurious ob- 
^er, they are adapted to exercise the faculties of 

most intelligent philosopher, in the investigation 
their causes and relations. The number and va* 
y of the experiments which have been made in 
I branch of philosophy, within our own times, is 
snishing. The scarcity of observations made in 

preceoing ages, and even by our immediate pre- 
lessors, on a subject which has proved so friutful 
our hand^ is almost equally surprising. From 

time of Thales the Milesian, who flourished 
»ut 640 years before Christ, and Theophrastus, 
disciple of Aristotle, who lived about 300 years 
jr, down to the middle of the seventeenth century, 
that had been said, or that was known of elec- 
ity, might be contained within the compass of a 
mer. Even the more modem writers oi general 
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S stems of natural philosophy cither neglected it, a 
rust the little which they had to say concerning it 
into some obscure corner of tjieir work, and under 
other articles ; Dotdeeming it of suffident importance 
to give it a separate place. Since the year 1720, 
however, various interesting and intportant phe- 
nomena have been observed; and these have given 
rise to a variety of reasonings and thecmes. The 
extensiveness, moreover, of this branch of know- 
ledge, with regard to the relation which it now bears 
to many of the other sciences, is not less worthy of 
obaen-ation. Down to the times even of Boyle and 
Newton, electricity has been solely employed in at- 
IracUng and repelling straws and chaff: in our d^B 
it has extended it« influence even into the atmo- 

Sheric reg^ns, and has formed connexions with 
most every branch of natural philosophy. It has 
evca eoaim so high as to court an alliance with 
j^yaicaj afltrononiy, and has had rfie ronWdcnce even' 
to put ill a claim, which may perhups one day be 
allcnred, of liaving a share in tlie production cf 
of ^e grandest phenomena of Nature. 

The term ekctrUily is dciived from ijAkt-j ov 
Greek name for amber; a ydfow transparem sub-' 
MaHce wliich has been very anciently observed tw^ 
poBsees, when rubbed, the property of attracting 
light bodies ; insomuch that Thales of Miletus can-' 
c£ided hence, that it was animated'. The tes-m 
eleclricify is now applied, not only to the powra- rf 
attracting light bodies inherent in amber, but f- 
other similar powers, and their various effects, i 
whatever bodies they reside, or to whatever bodies 
they may be communicated. —In a word, by electrU 
(iiy or electrical force, is understood, not only Art 

> Amber ii also bioughi, by friction, to yitid light pretty i 
oopitnuiy in the dark ; and henee it is rcckotiEd among the ' i 
native phuiphari. 
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]x>wer or property, which the ancients observed in 
unber and the lyncurius lapis, or tourmalin, but 
which agate, jet, sealing-wax, glass, and a variety of 
lyther substances, called electrics ^, are now known to 
possess, of attracting light bodies, &c. when excited 
by heat or friction; and which is also capable of 
beii^ communicated, in particular circumstances, to 
other bodies : and the science of* electricity is that 
part of natural philosophy, which proposes to in- 
vestigate the nature and effects of this power, and of 
other similar powers connected with it. 

Thus we find, that electricity was indebted to the 
ancients for little more than its name, which it still 
retains, and which, although very inadequate to the 
present state of this branch of knowledge, was suffi- 
ciently expresfidve of the little which they knew con- 
oeming it. The fadier of modem electndty appears 
to liave been Dr. Gilbert, author of an excellent 
treatise, De MagmtCy published in 1600, who 
greatly augmented the list of electrical bodies. This 
was increased about a century afterward, by Mr. 
Boyle, who observed some new circumstances oon- 
c^mii^ dectrical attraction. His contemporary, 
Otio Guericke, the celebrated inventor of the air- 
pump, first took notice of the mutual repulmon of 

* JSlecirics are those substances^ in which the electric fluid 
is capable of being excited, and accumulated, without trans* 
mitling it, and therefore called non-conduciors, in opposition 
to conductors t which are called non-electrics. The electrics 
are likewise called electrics per se, and original electrict. 
They are capable of being excited, so as to exhibit the elec- 
trical appearances of attracting and repelling light bodies, 
emitting a spark of light, attended by a snapping noise, and 
yielding a current of air, the sensation of which resembles that 
of a spider*s web drawn over the face, and a smell lilce that 
of phosphorus, either by friction, or by heating and cooling. 
Or by melting, and pouring one melted substance into another. 
Conductors denote those substances, which are capable of re- 
ceiving and transmitting the electric virtue. These termf^ 
were fi rbt introduced by Dr. Desagulicrs. 
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bodies electrified, and of the light and sound cx-i 
hibitcd by exutcd electrics. The illustrious Newton 
was content witli a few experiments, from which it 
appeared, that excited glass attracted light bodies on 
the side oppoHite to that on which it was rubbed. In 
1709, Mr. Hawksbee, by iDeans of his glass globes, 
as well OS those of nealing-waK and resin, observed 
many new and striking phenomena. Mr. Grevj 
about twenty years at^er, first discovered, that the 
electric virtue might be communicated from excited' 
electrics to non-dectrics in contact with them. To. 
tini, likewise, and to his friend Mr. Wheeler, 
are indebted for the important discovery of insulate- 
ing bodies, by which the electricity communicated to 
them is detained and preserved, and which laid the 
foundatjon of almost all the subsequent discoveries. 
M. du Fay next made a capital discovery ; that of 
■the two species of electricity, which he denominated 
the vitreous and resinoue, from the principal sub- 
stances to which they respectively belong : the cha. 
racteristic of which two kinds is, tliat bodies, possessed 
of one of them, repel all other bodies, whose eloctri- 
^ty is of the same species with their own, and attract 
all bodies possessed of the other species. M, du Fay 
also, accompanied by abbe Nollet, first perceived the 
electric spark ; and the abbe declares that he sh^ 
never forget the siu^rise cscited both in M. du Fay 
and himself, by the Hrst electrical spark tltat was 
ever drawn from tlie human l)ody. In Mr. Grey's 
experiments, subsequent to this, we find the oii^a 
of metallic insulated conductors, and tlie first ob- 
servation of the pencil of rays perceived at tlieir 
pcnnted extremities. 

Electricity, however, did not make any rapid pro- 
gress till after the year 1743, when the use of globes 
was ag^n introduced by the German philosophers ; 
tubes only, afler tlie time of Hawksbee, being made' 
use of in electrical experiments. By the size and 
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iniber of their globes, the Germans excited a pro- 
;iouB power of' electricity. The strenelh or the 
ijde electric sparks was inureased to such a de^ee, 
they were felt from a man's head to his toot, 
small birds were killed by them. But the most 
imiDg effect produced by the German machines, 
the accesfflon of inflammable bodies by the elec- 
spark, in 1744, by Dr. Ludolf of Berlin, who 
Bed, by its means, the vitriolic ether. Dr. 
tatsMi, in England, about this period, firod spirits 
iderably diluted, distilled vegetable oils, resmous 
tances, and gunpowder. He set fire to the fac^ 
^Soua wr produced by the solution of iron in diluted 
i^nrit of vitriol, which when it did not find a ready 
passafe out of the mouth of the flask in which it was 
ccntBined, was kindled throughout its whole capa- 
city, with an exploaon equal to that of a large pistol. 
He likewise fired spirit of wine by a drop of cold 
water, and afterward even by ice. 

But the most amazing of all the electrical disco- 
reries was the Leyden pruat, so called from the place 
in which it was made, in 1746, by Mr. Cuneus, as 
he was repeating some experiments of messieurs 
Muschenbroeck and Allamand; or, as others say, 
bv Mr. Muschenbroeck himself, who first felt the 
i6ock as he was using an iron cannon, suspended on 
allc tines, for a conductor. Dr. Priestley, in his 
Hietory of Electricity, gives an account of the de- 
tcriptions which those who first felt the electric 
^tock gave of it, while they were under tlie influence 
of the panic it occasioned. ' Mr. Muschenbroeck 
(raVs he) who tried the experiment with a very thin 
ettts bowl, says, in a letter to M. Reaumur, which 
W wrote soon after the experiment, that he felt 
himself struck in his arms, shoulders, and breast, 
so tlial he lost his breath, and was two days 
before he recovered from the effects of the blow and, i 

K terror. He adds, tliat he would not lake a sp- | 
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cQiul (ihock tor the kingdom of France.' — Other 
elevtriiiaas have desciibed the same terrors; aod 
their descriptJons, in the present advanced stale <£ 
electiicity, inay appear exaf^j^taateti. But we may, 
m some measure, account tor this, by cunuderiim 
that they were under the influence ot'tJiCEurpnaeBiu 
terror exalted by a new and unexpected feehnff, of a 
very peculiai- kind, produced by a seemingly inade- 
quate cause, lurking in a tumbler of water. The 
SHwation caused by the electric shock is, indeed, tt 
perfect unique ,- and every cliange or commolioa 
perceived in the body for some time after the shoe) 
nus orcumstanced, might be attributed naturalli 
enough, by a timorous person, although ever so wel 
scquaintea witli the phenomena of electricity ^ 
iceady known, or the laws already eistahliehed, to soi 
secret and unaccountable operations of this invia) 
fBid mystenous a;!;ent ; part of which, on this aeW 
and strange mochfication of it, mic^t be suspected, 
<m its dislodj^ent from tlie tumbler, to have only 
dunged its quarters, and to lie still lying in ambusl^ 
and playing its pranks witli the body : or, at least,' 
to have permmtmtly discomposed and ruffled soma 
of the fibres, in its rapid passage through it. Eveit 
ai this day, the marvellous !ur of this experiment is 
not NO far diminished by iirequent repetitions, but 
that it still throws a similar delusion on many ; w&a 
are lliereby induced to tliink that they feel the «Sles^a^ 
of the electric shock for some time ^tcr it has be — 
given ; and few receive it without some degree 
perturbation.— It was thie astonishing experiment^ 
. Dr. Priestley observer), that gave an eclat to deoti^ 
city. Every body was eager to see, and, notwith- 
standing the terrible account tliat was reported of it, 
to feel the sensatioB produced by if. It is to thia 
day justly viewed with astonishment by the most 
profound electricians : fur though some renutrkabie 
' "'' ' ive been exceUently accounted ■' 
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by Dr. Franklin, Cavallo, Cavendish, and others' 
sbU much remains to be done, and, in many respects, 
the circumstances attending it are still inexpUcable. 

In 1747, Dr. Watson made a variety of noble ex- 
periments, ii^ith a view of ascertaining the distance, 
to which the electric shock could be carried, and the 
velocity with which it moves. In the first of these, 
the shock was given, and spirits kindled, by electric 
fire which had been conveyed through the Thames. 
In a subse(j[uent experiment, the sensible instan- 
taneity of the motion of the electric fluid was directly 
ascertained by an observer, who, though in the same 
room with the charged phial, was at the same time 
in the middle of an electric circuit of two miles, and 
feit himself shocked, at the same instant that he saw 
the phial discharged. Another important discovery 
by Or- Watson was, that the glass globes and tubei» 
did not contain within themselves the electric fluid 
whidh appeared on their excitation, but drew it from 
the eartn and the bodies contiguous to the rubber, 
and in contact with it. Mr. Wilson appears to have 
made the same observation. Dr. Watson hkewise 
discovered, what Dr. Franklin had observed about 
the same time in America, the plus and minus states 
of ^lectrifled bodies. 

This simple principle of the plus and minus^ or 
the positive and negative states of the electric matter. 
\n bodies, became, in the hands of Dr. Franklin, as 
(ruitfiil (if we make allowance for the diflerent na^ 
ture and importance of the subject) as the principle 
o£ universal attraction in those of Newton. By the 
applicatioti of it, the Leyden phial, which had 
hitnerto teemed with mystery artd contradiction, 
had its most glaring inconsistencies reconciled and 
accounted for in the most simple manner. The 
doctor showed, that iii the act of electrization, one 
side of the phial (the inside, for instance) was elec- 
trified positively; that is, had an additional quantity 
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of the electric fluid thrown upon it; and that the 
other side was electritied nega'Avelu i that is, wigi 
deprived of an equal quantity ; and that the effect 
of tliat operation was not on increase of the quanli^ 
' rf electric fire in the phtal, hut solely a change pro- 
duced in the situation of the ualaral quatitity (£ 
electric matter belonging to it. 

Dr, Franklin's important discovery of the identity 
of lightning, and the electric fire, 1 mentioned in my 
last paper. This is one of the few capital dieco- 
▼eries in electricity, for which we are not at all indebt- 
ed to chance, but to one of those bold and happy 
stretcheB of thought, in consequence of which those 
^gantic strides are made in science, which distin- 
guish s^niuses of a superior order. By this interest- 
ing and important discovery (the greatest, perhaps, 
tfiat has been made in the whole compass of pbiloBO- 
jAy since the time of Sir Isaac Newton) we have it 
now in our power, by a simple and cheap apparatus 
to direct the course of the hitherto inevitable ful- 
meri, and thereby, with respect to buildings at least, 
to deprive it ot its power of hurting. By what 
vmple and slender instruments, even the playthings 
of children, does the hand of Genius extort irOm 
Nature her choicest secrets. Thus Newton, by 
means of a soap-bubble, investigates the magnitude 
of the component particles of bodies, on which th«r 
colour depends; and Franklin, by raising a kite. 



C^GCOvers the nature of lightning ! 
"" ' ■ ■' f which I s 



I; 
The last great discovery of which I shall take no- 
tice (and to which Mr. Canton led the way) is that 
of a new and very extensive principle in electrid^, 
by messieurs Wilke and j^Ipnus, two foragn ^ec- 
tricians. The principle, which, indeed, is founded 
r " ■ ' ■ 
i 



on Dr. Franklin's theory of positive and negative 
dectricity, is this ; that tlie electric fluid, when there 
ts a redundancy of it in ajiy body, repels the electric 
fluid in any other body, within its influence, and 
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drives it into the remote parts, or quite out of the 
body, if there be any outlet for that purpose ; there- 
by reducing the body to a state contrary to its own ; 
that is, a negative state. On this principle they 
undertook to charge a plate of air^ like a plate of 
glass, and thereby to imitate, in the most perfect 
manner, the phenomenon of lightning. They suc- 
ceeded, by suspending two large boards of wood 
covered with tin, with the flat sides parallel to one 
another, and some inches asunder. On electrif^ng 
positively one of the boards (which may be consider- 
ed as metallic coatings to the two surfaces of the 
aerial plate) the other ooard became electrified iiega^ 
tivelu ; and a person, touching this last with one 
hana, and bringing his other to the other board, re- 
odved a shock through his body, as in the Leyden 
experiment— With this plate of air they made a 
variety of curious experiments. The two metal 
plates b^ng in opposite states, strongly attracted 
each other, and would have rushed together, if tliey 
had not been kept asunder by strings. Sometimes, 
the dectricity of both would be oischarged by a 
strong spark between them, as when a plate of glass 
bursts, and is perforated by too great a charge. A 
fincer put between them promoted the discharge 
ana felt the shock. If an eminence were made on 
either of the plates, the self-discharge would always 
be made through it ; and a pointed body fixed upon 
either of them prevented their being charged at all. 
The state or these two plates, they excellently ob 
served, jusdy represents tne state of the clouds dur- 
ing a thunder-storm ; the clouds being always in one 
state and the earth in the opposite ; while the body 
of air between them answers the same purpose as the 
small plate of air between the boards, or the plate of 
glass between the two metal coatings of the Leyden 
phial. The phenomenon of hghtning is the bursting 
of the plate of air by a qwntaneous discharge, whicu 
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is always ma<lti tliroiiirli eminences, and the boditt 
tlimiigh which the discharge is made arc violeol^ 
shocked. 

Witli respect to the nature of the electric fliii^ 
philosophers have entertained very different eeiui- 
ments. , Mr. Wilson, and othem, have supposed it 
to be the Bame with the ether of sir Isaac Newtoa; 
but Dr. PricBticy is of opinion, that the eleetris 
matter is either phlu^ston, or contains it. Some. 
^aJD r^fard die phenomena of electricity, as occa- 
sioned by two distinct fluids, both elastic, but en- ' 
dowed with oppoBite properljes with respect to elee-.; 
tncity. — But it cannot be expected, in the contracted, 
space to which I am confinMl, that 1 can enlarge:! 
further on tliis Hcience; a science on which so manyi 
volumes have been written. I have been obli|^ to.' 
treat the subject in a general hght; a& exhibiting a 
matter (^ curious speculation, to observe the igno- 
rance of the greatest men, for so many ages, con- 
cermng phentHnena, with which no man of letters is 
now entvely unacquainted. It is no less entertain- 
ing and tnalructive to observe, that even al'ter some 
light had been thrown upon the aubjecl, it required 
the efforts of in^^iuus men, for near a century mora, 
to faing the science to its present advanced sti^; 
that, however, so far from having reached perfetv 
tion, tile mystraies of Nature are so fayrfbund, that 
there are still nuny desiderata to he known, suffica«Qt 
to perplex tlie most intellicrcnt philos<»}dier, and t»- 
induce him to suspect, while he looks back with the 
exultation of superiority, at the ignorance of the 
ancients, and even of tlie illustrious sages of the se- 
venteenth century, with respetl to the prracnt most 
obvious principles of the science, that rc may aj^woE 
H like children to the piiilosophers of another age, 
H whom new plieiiomena, new principles, aad |M.'rh^» 
H a new tlieory, may astonish ; while, impressed with 
H^ a more awful and rehgious sense of the wutderft) i 
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(^lerations of the Deity, they may exclaim in the 
langui^ of the celestial choir, ' halltlujah^for the 
Lord God Omnipotent rtignet/i,"* 



Since the original publication of this work, the 
department of electricity has recnved a great aoce»- 
sion by the discovery of Galvanism, or Voltaisw, 
which embraces the phenomena that result from dif- 
ferent conductors of electricity being placed under 
different circumstances of contact. 

The conductors must be either perfect, or imper- 
fect conductors of electricity ; and the galvanic phe- 
nomena may be produced by two conductors of one 
of these classes placed in contact with each other, in 
one or more points, imd in other distinct points with 
a conductor of the other class : thus gold and zinc 
may be made to touch each other in some points, 
and may be connected, in other points, by a portion 
of common water. To produce the galvanic pheno- 
mena with any considerable effect, several series of 
conductors, thus disposed, should be employed. 
Then may an acid taste, a flash of light, the con- 
tractions of muscles recently detached from a living 
body, the oxidizement of metals, and the decomposi- 
tiim of acids and of water be produced. Shocks, 
also, on the human body analogous to the electric 
abock, and briUiant sparks, with the deflagration of 
even silver and gold^ may be occa^onea by this 
fluid, under certam circumstances. 

Gahani discovered in 1791 the contraction of 
muades by means of this fluid. But Vo(ta, in 1793, 
added greatly to the stock of facts, and connected 
them by a theory, which has since been denominated 
Voitaum, This philosc^her also discovered the me- 
thod of accumulating tne effects of this species of 
electricity, now known by the name of the Voltaic 
pile. Tn^ hta^ Mr. Nicholson was, we believe, the 
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first who ascertained the chemical action of galvan- 
ism, ami its powiT of decomposing water. Sir 
Humphry Davy has, also, been very euccesaful in 
extending this branch of humui knowledge. For 
his important discoveries in ri,-ference U> this pmnt, 
the reader will do well to consult Mr. Parkes's Che- 
mical Catechism, or Henry's System of ChemiBtry. 
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ON THE AURORA BOREALIS, AND OTHER 

FI£RV METEORS. 

Silent from the nnrih 
A blaze of attlton shools : cnswecplng first 
The lower hkies, they all at once converge 
High lo ihe crown o) heaven, and all at once, 
itrlapslrtg quick, as quickly rcascend. 
And mix. and thwaci, CKimgiiish, and renew, 
All elher coursing in a maze of light. TROMtDX. 

THE Aurora BoreaHs, or Northern Lights, is 
a kind of meteor appearing in the northern part of 
the heavens, mostly in the winter time, and in frosty 
weather. It is now so generally known, that no 
description is requisite of the appearance which it 
usually makes in this country. But it is in the 
arctic regions that it appears to perfection, particu- 
larly dunng the solstice. In England, the extremi- 
ties only ofthese northern lights are to be seen, that 
we have but a faint idea of their splendour and their 
motions ', According to the state of the atmosphere, 

' Of ihe Aurora Borcali? in Shetland, Siberia, aud Ui)d< 
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liey differ in colours. They often assume the co- 
lur of blood, and make a very dreadful appearance. 
The rustic sages become prophetic, and terrify the 
jasdng spectators with a dread of war, pestilence, 
nd famme. This superstition was not peculiar to 
he northern islands ; nor are these appearances of 
eoent date. The ancients called them chasmata, 
rabesj and bolides, according to their forms or co- 
mors. But, in old times, they were extremely rare, 
nd, on that account, were the more taken notice 
£ From the days of Plutarch to those of our sage 
istorian Sir Richard Baker, they were supposed to 
e portentous of great events, and timid imagmations 
haped them into aerial conflicts : 

From look to look, contagions through the crowds 
The panic runs, and into wondrous shapes 
Th' appearance throws : Annies in meet array^ 
Thronged with aerial spears and steeds of fire ; 
Till the long lines of full-extended war 
In bleeding fight commixt, the sanguine flood 
Rolls a broad slaughter o*er the plains of heaven* 
Aa thus they scan the visionary scene. 
On all sides swells the superstitious din^ 
Incontinent ; and busy Frenzy talks 
Of blood and battle ; cities overturned. 
And late at night in swallowing earthquake sunk. 
Or hideous wrapt in fierce ascending flame; 
Of sallow famine, inundation, storm ; 
Of pestilence, and every great distress ; 
Empires subversed, when ruling Fate has struck 

m*s Bay, and its beneficial effects in the polar regions in 
enenl, see No. v. On Winter in the Polar Kegions. 

By dancing meteors then, that ceaseless shake 

A waving blaze refracted o*er the heavens. 

And vivid moons, and stars that keener play 

With double lustre from the glossy waste, 

Ev'n in the depth of polar night, they find 

A wondrous day: enough tolight the chase. 

Or guide their <Jaring steps to Finland-fairs, thoksok. 
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Th' unalterable hour: ev'n Nature's sell 
Is deemed !□ toiler on the brink oC time. 
Not to the man of philosophic eye. 
And inspect sage; the waving brightness he 
Curious sarveys, inquisitive to know 
The causes, >iid maierials, yel uniixed, 
Of this appearance beautiful and new. 

The earliest distiDct history of this phetiomeDon, 
is what we have irum the learned Dr. Halley, in dus 
Philosophical Transactions, No. 847. The first ab. I 
twunt lie gives, is of the appearance ol' what the 
author calls Imniiiig spears, and which was seenul 
London in 1560. This account is taken firom a 
book entitled, A Beacription of Meteors, by W, P( 
D. D. and reprinted at London in 1654. The neict 
appearance, on tlie testimony of Stow, was in Octo- 
ber 1564. In 1574 also, according to Camden andi 
Stow, an aurora boreolis was observed two lUghta 
succeaavely. Two were seen, at different times, iin 
the year following, in Brabant. They were cotnA 
pared, by Comehus Gemma, to spears, fortifief 
cities, and armies fighting in the air. Mielmd 
Maastlin, tutor to the great Ke[)ler, assures ua, that) 
in the county of Wurteraberg in Germwiy, these 

Ehenomena, which he calls cliasmata, were seen by 
imseif, no less than seven times, in 1580. In 1581, 
they appeared in an extraordinary raanii 
ana September, and in a less degree at 
times of the same year. In September 16S1, tlua 
phenomenon was observed all over France, and de- 
iwribed by Gassendus, who gave it the name of 
aurora borealis ; yet neither this, nor any nmilar 
appearances posterior to 1574, ai-e dest^ibed by En- 
glish writers till tlie year 1707 ; which, as Dr. Hal- 
ley observes, shows the great neglect of curious 
matters which at that time prevailed. From 16S1, 
indeed, to 1707, there is no mention of an aurora 
borealis having been seen by any person, either in 
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I England or foreign countries ; and, con^dering the 

L number of onlronomers, who, during that pernxl, 

fftre aUnoet constantly observing the heavens, we 

f reasonably conclude, that no such phenomenon 

^^eared till aJ'ter an interval of eighty-^ yearu. 

ft 1707, a sniali one was seen in November ; and 

ing that year and the next, tlie same appearances 

3 r^ieated five dmes. The ne^t on record is 

I Au mentioued by Dr. HaJlcy, as appearing on 

March 6, 1716. The splendour of this attracted 

tnmrsaJ attention. By the vulgar it was viewed 

I ntb cuntter nation ; ana ihey con^dered it as mark 

ing the introduidon of a foreign rate of princes into 

I this country '. Since that time, these meteors have 

beeii no eonmion, tJiat no account has been kept of 

item. 

It was for a long time a doubt whether this mc' 
teat a^^ieared only in tlie nordiern hemisphere, or 
iriutber it were in be observed also near the south 
pidft This is now asCertaJiiL'd by Mr- FortJter, who, 
III bia Voyage round die World witli captun Cook, 
aisureii us, that he observed it in the high southern 
latitudes, although with appearances somewhat dif- 
ferent &om those which are seen hi^e. ' On tlm 
I7th <ri' February 177^ (saya Mr. Forster) as we 
u^re in latitude 58" soud), a beautiful ph«iomenoR 
vutt observed during the prece<lii^ nisrht, wbieb ap 
(lou-ed again several tbllowing niahts. It consisted 
of long columns of a clear white light, shnottng up 
from tlie horizon to tlie eastward, almost to tlie ze- 

• Or. Malley obsetveil, that this aurora boreatis tott to a 
imxligiaiu heizhi, it being seen from ihe west of Ireland lo 
■he confines of Russia and Poland on the fast; nor did he 
know how much farther it might be visible ; so tb»L il I'x- 
lended at least 3ty in longitude, and from latitude 5<r tmnh 
it WM wen overall the northern pirts of Europe ; and, r> all 
ihc places where ii was viaible, the same appearance? were 
exhibited, which Dr. Halley observed in London. 
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nitli, and gradually spreadinsun the whole southerft 
part of the sky. 'fhese t-mumns were sometinies 
Dent sidewise at their upper extremities ; and, al* 
though in must respects sunilar to the northeiA 
lights of our hemisphere, yet differed from them iQ 
being always of a whitish colour; whereas ours aa- 
sunie various tints, especially those of a fiery and 
purple hue. The sky was generally elesr when 
they appeared, and the air sharp and cold, the 
thermometer standing at the JVeezing point.^ 

I shall not attempt to give any account of diB 
earlier conjectures concerning tlie cause of thia phe-' 
nomenon. It will be sufficient to observe, that erer 
since the identity of hghtning, and of the electric 
matter, has been ascertained, philosophers have been 
naturally led to seek the explication of aerial meteors 
in the principles of electricity ; and there is now no 
doubt, but that the greater part of them, and espe- 
nally tlie aurora borealis, are electrical phenomena. 
Beside the more obvious and known appearances 
which constitute a resemblance between tins meteor 
and the electric matter by which lightning is pro- 
duced, it has been observed, that the aurora bore- 
alis produces a very sensible fluctuation in the mag- 
netic needle; and that, when it has extended lower 
tlian usual into the atmosphere, the flashes have 
been attended with various sounds of rumbling and 
hisang, taken notice of both by Beccaria and M.' 
Messier. But I have, in some measure, antidpated' 
this part of my subject, in my paper On Comets', 
to wnich I refer my readers for the sentiments of 
Dr. Hamilton and ablrf Mann, who have each pro- 
duced the most satisfactory arguments to demon- 
strate the identity of the matter that forms the tail 
of comets, the aurora borealis, and the electric fluid. 
Dr. Blagden has also given a copious illustration of 

' No. viii. 
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tins subject in his account of some fiery meteors, 
iriiich appeared in 1783 ^ 

Of the aurora borealis I have one more observa^ 
im. to make of great importance to seamen. In 
1772, Mr. Winn presented a paper to the Royal 
Socidy, in which he says, that tiie appearance of an 
iiuora borealis is a certain sign of a hard gale of 
wind firom the south or southwest. This he never 
fciuid to fail in twenty-three instances ; and he even 
diinks, that from the splendour of the meteor, some 
judgment may be formed concerning the ensuing 
tempest If the aurora be very bnght, the gale 
will oome on within twenty-four hours, but win be 
of no long duration : if the light be faint and dull, 
die gale will be less violent, and longer in coming 
OD, but ¥^11 also last longer. His observations were 
made in the English Channel, where such winds are 
very dangerous ; and, b)r attending to the aurora, 
he says he often got easily out of it, when others 
narrowly escaped being wrecked®. 

There are other fiery meteors beside lightning 
and aurora borealis; such asfierj/ globes, moving 
at prodigious heights, with incredible velocity 3; the 
ignis fatum^ draco volans, falling stars, &c. 

TniB Ignis Fatuus is a common meteor, chiefly 
seen in dark nights, frequenting meadows, marshes, 
and other moist places, and often seen in burying- 
grounds, and near dunghills. It is known among 
uie common people by the name of Will with a 
Wisp, and Jack with a Lanthom. The form and 
aze of these ignesfatui aie very various. The late 

" Phil. Trans, vol. Ixxiv. part i. 

• Phil. Trans, vol. Ixiv. part i. For M. Libes's new theory 
of the aurora borealis, see Gregory's translation of Haiiy's 
Natural Philosophy, or the new edition of Dr. Hutton*3 
Mathematical Dictionary. 

> For a description of these fiery globes, I must refer to 
Dr. BlagdeD*s account above-mentioned. 
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And plaintive children his return await. 
In wild conjecture lost. At other tiroes. 
Sent hj the better Genius of the night. 
Innoxious, gleaming on the horse's mane. 
The meteor sits ; and shows the narrow path. 
That winding leads through pits of death, or else 
Instructs him how to take the dangerous ford. 



No. LII. 



I M 



ON MAGNETISM AND THE MARINER'&.j 

COMPASS. 

Alnrishty Cause ! *tis thy presenring care, ^ 
That keeps thy works for ever fresh and fair : 
Hence lite acknowledges its Glorious Cause, 
And matter owns its Great Disposer's laws ; 
Hence flow the forms and properties of things ; 
Hence rises harmony, and order springs. 
Thy watchful providence o'er all intends ; 
Thy works obey their Great Creator's ends. 
Thee, Infinite ! what finite can explore ? 
Imagination sinks beneath thy power. 
Yet present to all sense that power remains : 
Kevealed in Nature, Nature's Author reigns. 

BOySE. 

ALTHOUGH the phenomena of the magnet 
have, for many ages, engaged the attention atiia- 
tural philosophers, not only oy their singularity and 
importance, but also by the obscurity in which thej . 
are involved; yet veiy few additions have been 
made to the discoveries of the first inquirers into 
the subject The powers of ^nius which have 
been hitherto employed in investigating this subject, 
have not been able to fVame a hypothesis, that will 
account, in an easy and satisfactory manner, for all 
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die various properties of the magnet, or to point 
OQt the links of the chain which connect it Avith thu 
other phenomena of the universe. It is certain, in- 
deed, tliat both natural and artificial ekitricity w ill 
give polarity, or a direction to the {xjles of the earth, 
U> needles, and even reverse a ^ven polarity; and 
hence it may be inferred, that there is a consfderable 
affinity between the electric and magnetic fluid; but 
in what manner electricity acts in producing magnet- 
ian, is still utterly unknown. 

Prom the worKs of Hippocrates, IMato, and Aris- 
lode, who each flourished above three centuries be- 
. tire the christian era, it is certain that the ancients 
irere acquainted with the attractive and repulsive 
powers of the magnet ; but it does not appear, that 
diey knew of its tendency to the pole, or of the ma^ 
liner's compass. Lucretius, in his sixth book De 
Merum Naturd, has given a poetical dissertation 
upon the attractive property of the magnet, but 
without the least intimation of its polarity. To him, 
however, we are indebted for the origin of the term 
magnet : 

Qaod superest^ agere incipiam, quo foedere fiai 
i^aturae, lapis hie ut ferrum diicerc possit. 
Quem magneta vocant patrio nomine Graii, 
Magneium quia sit patriis in linibus orlus. 

That i&y ^ The magnet, of whot» attractive \'irtucs 
he intends to treat, is so called, by the Greeks, from 
Magnpgia^ a district of Lydia, in which it was flrst 
fimnd/ Aristotle^ by way o£ excellence, calls it 
only Ai6o^, the stone. Pliny calls it Heraclius lapisy 
iram the oty of Heraclea, in the country of the 
Magnetes abovementioned. By the Italians it is 
called calamita^ and by the French aimant. Our 
English name, the loadstone, is of Saxon extraction. 
As the andents were not acquainted with the true 
method of philosophising', and were content "niIVv ob- 
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servation alone, their knowledge of nature waa v\ 
confined, and did not afford any considerable i 
vantage to aodety. Modern pliifosophers, by e(i 
bining experiment with observation, noon extewi 
die Ixiundaries of science, and discovered the ] 
larity of the magnet ; a property which constitu 
the ba^s of navigation, and greatly facilitates o" 
meroe. 

The loadstone, leading stone, or natural n_ 
is a ferruginous stone, found in the bowels t 
earth, generally in iron mines ; of all forms i 
sizes, and of various colours. It is endowed H 
the property of attracting iron ; and of both poi 
ing Itself, and also enabhng a needle, touched uj 
it, and duly poised, to point toward the poles ori 
world.— Loadstones, in general, are very hard 
brittle ; and, for the most part, more vigorous, 
proportion to their degree of harduess, Consde 
ble portions of iron may be extracted from tin 
Mr. Kirwan says, that the magnet seems to i 
a nnall quantity of sulphur, and is often 
minated with a mixture of quart;! and arg^. K 
possible, it may contain nickel; for this, when p 
rified to a certain degree, acquires the properties 
a magnet ; but \\& constitution has not hitheto b« 
properly examined'. 

Artificial magnets, which are made of steel, 
now generally used in preference to the natural t 
net ; not only, as ihey may be procured witK Wd 
ease, but because they are far superior to the ; 
tiu-al mi^et in strength, communicate the m 
netic virtue more powerfully, and may be vai 
in their form more easily. The natural niagi 
in course, is now very httle esteemed, except a 
curiosity. 

The power of attracting iron, &c. possessed 

• Kirwan's Elements of Mineralogy, p. 271. 
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tone, which Is also communicabie to iron 
, is called magiielhm. A j-od or bar, of 
teel, to which a permaneut polarity has 
Diutiicated, is called a magnet. I'he pointa 
imiet which seem to possess the greatest 
I in which the virtue seems to be con- 
, are termed tlie poles <if' a magnet. The 
f^ meridian is a vertical circle iii the hea- 
jh intersects the horizon, in the .points to 
! magnetjca] needle, when at rest, is di- 
B axi» is a right hne which passes irom one 
E other ; and its rqualor is a line perpen- 
the axis of the magnet, and exactly be- 
. two poles. 

itinguishing and characteristic properties 
jnet are, Jirst, its attractive and repulsive 
econdly, the force by which it places it- 
suspended freely, in a certain direction 
poles of the earth ; thirdly, its dip or in- 
toward a point below the horizon; and, 
ihe property it possesses of communicating 
ing powers to iron or steel, 
jn already observed, that the andonts do 
have been acquainted with the directive 
Ihe magnet. Philosophers were content, 
iges, with the knowledge of its attractive 
Bve qualities. But, about the beginning 
irteenth century, when the spirit of ex- 
ifttattt regions was gradually iiimiing in 
very fortunate discovery was made, which 
1 more than all the ingenuity and efforts 
ig ages, to improve and to extend naviga^ 
it wonderfiil property of the magnet, oy 
loinmumcates such virtue to a needle, or 
i of iron, a.i to point towards the poles of 
was then first ooserved. The use which 
made of tliis in directing navi^ 
It perceived. That most valuable, 1 



lavigation was i 

valuable, but ^B 
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now fainiluir instrument, the Mariiicr^s Compai 
waa invented. When navigators ibund, that by tl 
itutruincnt, tlicy could, st all seasoiui, and in ev< 
place discover the nortli and south with the great 
case and accuracy, it became no longer necessary 
depend, like the voyagers of former ages ', men 
on the light of the stars, and the observation of 1 
seacoast. They gradually dhandoned their anac 
timid and lingering course along Uie ahorp, veptui 
boldly into the occiui, and, relyin0 on thie Q 
guide, could steer in the darkest night, and unt 
Oie must cloudy sky, with a security and pred$i 
till then unknown. The compass may be said 
have opened to man the dominion of the sea, and 
have put him in full possession of tlie earth, by 
lulling him to viat every part of it. Flaiio 6i< 
a citizen of Amaisi, a town of considerable trade 
the kingdom of Naples, was the author of this i 
covery, about the year 1302. It has been often 
fate of those illustrious benefactoi-s of mankind, 1 
have enriched saence, and improved the arts, 
their inventions, to derive more reputation tlian 
nefit from the happy efforts of their genius. L 
the lot of Gioia has oeen still more cruel : throu 
the inattention or i^orance of contemporary his 
nans, he has been defrauded even of the fame 
which he had so just a title. We receive no 
formation from them respecting his profes^on, 
character, tlto precise time when he made this i 
portant discovery, or the acddents and inquu 
which led to it. 'I he knowledge of this discove 
though productive of greater effects than any 
corded in the aimals of the human race, is transii 
ted to us wilhout any of those circumstances, wh 
can gratify the curiosity it must naturally awakei 

iSeeNo, LVt.On ihe Art nf Navlealion. 
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wax. although ihc use of the compass might enable 
i Italians to perform the short voyages to which 
ftey were accustomed, with greater security and ex- 
pedition, its influence was not so sudden or exten- 
ave, as immediately to render navigation adven- 
turous, and to excite a spirit of discovery. Many 
causes combined to prevent this beneficial invention 
from producing its fidl effect immediately. Men 
relinquish ancient habits slowly and reluctantly: they 
are averse to new experiments, and venture upon 
ihem with timidity. I'he commercial jealousy of 
the Italians, it is probable, laboured to conceal the 
happy discovery of their countryman from other na^ 
Xvmri. The art of steering by the compass with such 
iill and accuracy as to inspire a full confidence in 
itt direcljon, was acquired progressively. Sailors, 
^■tccustomed to lose sight of land, durst not launch 
^B at once, and commit themselves to unknown 
^^K. Accordingly, near half a century elapsed, from 
Tk lime of Gima's discovery, before navigators ven- 
tured iuio any seas which they had not been accus- 



I have adhered lo the op 



n of Dr. Robertson, who. in h 
i. quotes, 39 his authority, CoIHd 



IS de Acus Nauticae Inveiitoie. Instil. Acad. 

ii. — II may nol be imiitoper, however, tn ob- 

rt, that this great discovery haa teen referred to an earlier 

i, Marco Polo, a noble Venetian, and irreat traveller, 

i ta have introduced the coiiipaM in lUUU ; but this is 

nie Mid nut to have been his own invenlion, but bor- 

.il from ihe Chinese : while others assert, tliat the Chi- 

[ikfiew nothing of the mariner's compass, till it was inira- 

3 into (heir country by the Ruropean;. See Chamltri'i 

MdMlta, and Adams an EUcfridty — M. PerrauU, in his 

llel between the Ancients and the Modernt, has cited 

fc vtnn of Guynt, of Provence, who wrote about the year 

" ' which one might be led to infer, that the use of 

!tM then known iti the south of France : ' There 

is {iay» fic) a star ihal never moves, and an art that never de- 

cpives, by the virtue of the compass, an ugly black stone, 

which always allracls iron." 
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tomed to frequent. But, \u the course of tin 
l$enth century, discoveries were made far he\ 
\ the ctHiceplion of all former ages. It is worth 

note, however, that there is a passa^ in the M 
of Seneca, to whirJi these very discoveries mirfi 
most seem to g^ve tlie iaiportauce of a predictto 



Aootlier Tiphys may new seas explore, 
Aiid worldi diBcovtr never kiion-n tiefor*. 



It is remarkable, that in the first voyage of 
lumbus, in the year 1402, when his little fleet 
above 200 leagues to the west of the Canary ] 
the Spaniards were struck with an appearance nt 
astonishing than new. They observed thai the i 
netic needle, in their compasses, did not point exi 
to the polar star, hut varied toward the west ; 
as they proceeded, this variation increased. ' 
appearance, which is now familiar, although it 
remmns one of tlie mysteries of nature, into the c 
of which the sagacity of man has not yet heen 
to penetrate, filled the companions of Coluc 
with terror. They were then in a boundless 
known ocean, far irom the usual course of nai 
tion : nature itself seemed to be altered ; and 
only guide which they had left seemed about U 
them. Columbus, with equal quickness and i 
nuity, invented a reason for this appearance, wl 
although it did not satisfy himself, seemed so [ 
able to them, that it dispelled their fears'. 
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I, so alarming to the Spaniards, is 
!<iat deviation froni the meridian which is called the 
. uiialion of the netdle, and is difi'erent in difi'erent 
ii;irts of the world ; being west at some places, east 
; others, and in parts wnere the variation is of the 
.ime name its qualitry is very difFerent. Sebastian 
'. aixit is generally allowed to be the first, who, 
Ixiul the year 1497, more accuraluly ascert^ned 
I ! w reality of this variation, and that it was the same 
>> all needles in the same plaee. For a long time 
[fler, it was thought to be mrariably the seme, at 
i place in aJl ages; but Mr. Gellibrand, 
e year 1325, discovered that it wts difierent 
rent limes in the seme place. From subsc- 
it observatiomi, it appears, that this deviation was 
a constant quantity, but tlutt it gradually dimi- 
d; and, at last, about the year 1660, it was 
\ that the needle pointed due north at Landou, 
6 ever since been increasing to the westward 
e norUl. It ajwcars, therefore, tliat in any one 
\, the variations have a ki nd of libratGry matton, 
' throt^h the north to certais limits east- 
wwd ana westward ' : and indeed vacillating a little 
lUily, 

_^a return to the magnet, it has been observed, 
ibstance interposed between it and iron, 
^prevent the action of its attractive energy. AJI 
's (iron excepted) wood^ glass, fire, water, and 

men and anunali!, afford a free passage to its 

idhience. It has been observed, moreover, that of 
no loa^ets the north pole of tJie one attracts the 
kNilh pole of the other, and repels its north pole ; 
while, on the contrary, the north pole of the second 
vas attracted by the south pole of the first, which 
le of the second. The 



I nif)elledci 



stantly tl 



lipole< 



.e Ailnnii on Elecliicity; ami for an ample arcoiint of 
■Theories of ihe Variation of tlie Coiniiass, we the Trea- 
JD MaaiS'''?" '" Hauj'i Nalurnl Philosophy. 
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attractive lendency In iron and a mamiet is also 
ciprocal ; and they are often attached to each olh« 
Willi such force as to rtqu'ire a conwderable wright 
to separate them. 

Among tile various liypothesea tliat have bee 
framed to account for the phenomena of 
ism, I shall only mention tliat of Mr. !Euler 
supposes tiiat the two principal causes, which a 
cur in producing the wonderful properties of 1 
niafiinet, are, first, a particular structure of the 
ternal parts of the magnets, and of magnetical bi 
dies; and, secondly, an e^itemal agent or flui< 
which acts upon antl passes through these por 
This fluid he supposes to be tlic solar atmosphe] 
or that subtile matter called ether, which fills o 
system. But I shall not here expatiate upon thi 
nes, which, however ingenious, arc allowed to I 
unsatisfactory. We know that gravitation, eled 
ct^, and magnetism exist ; that they have cert 
properties; and are productive of certain {^i 
mena: but what their nature is, what their seooi 
tiry causes, is still among the mystenes, which y/i 
perliaps, be for ever inexpheable. The Contempl 
tive Philosopher will acquiesce in his ignorance wi 
the moat awful and devout sentiments of admiratitx 
^nd, in every view of the material creation, as w( 
as of the moral government of the Divine Bdiv, 1 
may exclaim, in the language of holy writ, " O ti 
depth of the riches both of the misdom and htm 
ledge of God! how misearchafile are hixsorks, m 
his inays past finding out / — 0/ him, and ihrouj 
him, and to hint are all things : to n'kom be ghi 
for ever. Amen.' 




ON EARTUQUA^^e, 

deorum iminorlaliiiin vox puienda 

Ique ptsclicunl. ci< 

Towew, templet, palaces, 
Rang from ilieir deep foundBiions, roof un roor 
" ashed horrible, and pile on pile o'er turned, 
II loia). MAI 



hHE greater and more formidable phenomena 
nature, whatever modern philosophers may at- 
e to second causes, were considered by the an- 
sa the immediate voice of the immortal gods, 
e forerunners, in course of some extraordmary 
And thus the Roman orator expresses him- 
self above. — But whether we r^ard the sentimentE 
of the ancients a3 the resiilt of rational piety or ap- 
prehensive superstition ; or whether we consider the 
most tremeniloua phenomenon as capable of beit^ 
explained upon philosophical principles ; tliere is 
certainly no reason to doubt, that the Omnipotent 
Bdng, who first subjected tlie niateiial world to the 
influence of certain invariable laws, may so direct 
the concurrent operations of natural causes, m to 
evince that he has not left his creation to tlie for- 
tiutous consequences of Chance, or the irresistible 
impulse of Necessity ; but that even in this sublunar 
iti^, the vanous revolutions, not of empires only, 
but in the face of the great globe itseli', are so many 
indications, that he incessantly exercises a moriU 
gmermnent over his creatures ; and tliat, in the , 
wise dispensations of his providence, every event will | 
AttUy appear to have been conducive to nis gtajaow?- 
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detaras, vhich are the good and happiness of tlx 
whole. Earthquakes, therefore, and all other drea^ 
ful phenomena, niay he considered, in this light, 
the immediate operation of the Deity. ' He iookelt 
071 the earth, arid, it tre/nblelh : he touckel/t the kills 
and (hey smoke.'' 

Hii haad the lishtnlnK forms : 
He heaves old Oceaoi aiui be wiogs the itoimi. 

Earthquakes, which are unquestionably the 
dreadiiil phenomenon of Nature, have not been coi 
fined to such countries, as, tirom the influence of d 
mate, their vicinity to volcanic mountains, 
other cause, have been considered as more partio 
larly subject to them; but their effects, althou^ n 
in any degree so extensive and calamitous, havebei 
often Mt m i^ul^ island. I purpose to inquire, in tl 
paper, into the theory and causes of these [^< 
isenajof which the hi Rtory of all ages and count^ei 
afforded such terrible examples ; examples so nui 
berless, indeed, as to justify the emphatical saying> 
an ancient writer, that ' we walk upon the carcass 
of cities, and inhabit only tlie ruins of our globe." 

The globe aioimd eawh's hollow \urfBCC «|takcfj 
And H llie ociling of lier sleeping sons. 
O-er devastalion we blind revels keep ; 
Whose buried towns suppuri the tinncEr'j heel. 

irouj(^ 

Poetry does not confine its descriptions to t 
beautifti) and pleasing: it selects some of its ric))ij 
subjects from the grand and majestic, and even (n 
the tremendous and terrific. Dr. Grainger, in i 
beautiful poem, the Sugar Cane, gives a terrible, I 

facturesque description of an earthquake in the W 
ndies, where that phenomenon is very frequent 
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Or aendi forlh ihic 

Or thools 10 Icmpoiary flame. A tlln, 

Wild, ihro' tlic mountain's miiveiint; wckj a 

Like the dread craah of Dimming planets, Toa. 

When tremble thun ihe pillars of the globe. 

Like the tall ooco bj' ihe (iereit North blown. 

Can ibe poor, brittle teaeiueots of man 

Withalaod the dread convulaion i Their dear home* j 

(Which shaking, tottering, crashing, btjrsiing, ftltj 

The boldest fly ; and, on ibe open jilnin ' 

Appalled, in sBiny, the moment wait. 

When, with disniptuie vast, the waring earth 

Shall nhelm ihem in her sca-disgorgjng womb. 

Nor less afTrighted are the bestial kind. 
The bold otrcd quiven in each panting 
And ilaggers, bathed in deluzes '' 



The dog, thy trusty ceniinel of niglw, 
De«erts his post a^aigned, and, piteous howls. 

Wide ocean feel* 

Tire mountaiu waves, pnssitig theii customed bounds. 

Make direrul, loud iacursious on the hnd. 

All over-whelming : sudden they rt 

With their wjiole troubled waters ; but, anon, 

&iddeu return, with louder, mightier force j 

(The black rocki whiten, the vext ihares resound^) 

And yet, more rapid, distant they retire. 

Vast coruseations lighten all ihe sliy. 

With volumed flBoies ; while ThumJer-J awful voice. 

From forth his shrine, by night and horror girt, 

A'louDils the guilty, and appals the good. 

And Mr. Mallet, in his fine poem, the Excuraon, 

lus taken a view of that midlaii(] part of Europe, 

irhich has been so repeatedly the scene of the most 

I'ladful cie\-astations : I mean Italy and the oeigb- 

1 1 iiig island of Sicily. He introduces a desci-iption, 

I te witli die most awful imagery, of a city on the 

lut of being swallowed up by an earthijuake ; and 

ic expatiates at length upon the ^gns that precede it, 

IB well as upon its causes and enects. But as the 

iDUts of my paper will not permit me to insert this 

JMmptioji, 1 shall proceed immediately to the dif- 
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respective advocates have written copiously 
upon the subject. — Dr. Lister is ot' opinion, that the 
CHOEe of thunder, lightning, and earthquakes, is the 
inJbmmabli; breath of the pyrites, which is a sub- 
Auitial sulphur, thnt will take fire of itself; in a 
msd, da Pliny liad observed before, that an earth- 
qooke ia no more than subterranean thunder'. — Dr. 
Woodward thinks, that the subterranean fire (which 
is continually elevating the water out of the abyss, 
Iff great body of water in the centre of the earth, to 
fiimi^ dew, rain, springs, and rivers) being diverted 
'mm its ordinary course by some accidental ohstruc- 
oTi in the pores through which it used to ascend to 
I'le surface, becomes by such means, pretematurally 
assoiAled, in a greater quantity than usual into one 
place, and thus causes a rarefaction and intumescence 
ef die water of the abyss, p<itting it into great com- 
BBtatuia, and at the same Ume making the hke effort 
M the earth ; which, being expanded upon the face 
of die abyss, occasions an earthquake*. — M. Amon- 
tons endeavours to prove, that on the foundation of 
the new experiments of the weight and spring of the 
•ir, a moderate desree of heat may bring the air into 
a condition capable of causing earthquakes' — Mr. 
"" ' " supposes that they are occasioned by sub- 
is fu-ea; which, it a laree quantity of water 
! let out upon them suddenly, may produce 
', whose quantity and elastic force may be 
Scient for this purpose', 
it the theory of earthquakes has received con- 
dderable alterations and improvements from modem 
clectrieal discoveries. Dr. Stukely urges a variety 
of ol^ections against the common hypothesis that 
MCfSies earthquakes to subterranean wmds, fires, or 

' Philosophical T ran sac li 0111, No. 157 

* WondwarJ's Natural Hialoiy of the liirth. 

* Memoircs de I'Acadetnie des Sciences, 1703, 

* Philosophical Traoiaetioni, vol. li. 
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vapoiu-s. He thinks tlit:re U do er-idence of Uu 
vcmous structure of the earth, which this hypotl 
re()uires. Subterranean vapours he j udgea altogc 
iniulcquiite to the uffccts produced by earth^ua 
especially in eases where (he shock is of considei 
extunt : for a subtetraneous power, capable of i 
big a surfat^e of eartli only thirty miles iu dJiUD 
must be lo<lged at least liUeen or twenty mUwb 
the Burtace, and move an inverted cone of soJid « 
whose basis is thirty miles in fjiametei^ aad- 
fiiWn or twenty miW, which he thinks ahsoll 
ini^xwaible. How much more incouceivable,, t 
that any such power could produce the evthcji 
of 1755, which was felt in various parts of Ett 
and Afiiea, and the Atlantic ocean : or that in . 
Minor, in the year 17, by which thirteen great t 
were destroyed in one night, and which shook a,i 
of earth three hundred miles in dianicter ; la o 
to effect which, the moving power, if it h^d i 
internal tire or vapour, must have been lodged 
hundred miles below the surface ! Moreover 
earthquakes the effect is instantaneous, whereat 
operation of elastic vapour, and the discharge ( 
must Ik gradual, and require a long space of ti 
and if they be owing to explosions, they tnuat i 
the surface of the country where they happened* 
stroy the fountains and springs, and cnai^ the co 
of Its rivers, which, he observes, is contntdjctet 
liistory and observation. To all this he adds, 
the strokes which ships receive during an earthqu 
must be occasioned Dy something that could c 
municate motion with much greater velocity I 
any heaving of the earth under the sea by the t 
IJcity of generated vapours, whlcli would oidy 
duce a gradual swell, and not an impulse of 
water, resembling a tliump against the bottom i 
fillip, or striking against a rock. Dr. Stukeley, f 
these and other condderation^, deeming the oomi 
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)thes8 insufficient, urges a variety 6 
that earthquakes were properly electrical shocAis. 
Anoog other pneuoniena, either p^rcceding or attend- 
I earthquakes, and wliich cootLrmed this opmioD, 

' served that the weather was usually dry ajid 
for some time before an earthquake happcued, 

that the surface of the ground is thus previously 
—^ for that kind of electncal vibration in whicn 
a; Tvhilc at the same time, in some places 
where earthquakes have happened, the internal parts, 
4^, ft Kmall depth below the surface, are moist and. 
bKg%; and thence lie infers that they reach very 
fitUebelow the surface. He adds, that the southe.m 
iq^QDS are more subject to earthquakes than the 
BflrtUero, on account m the greater warmth and dry^ 
gun o£ the earth and sir, which are qualities so ne- 
ceu^ry to electricity- It was also observed, that 
\)dotii the earthquakes at London in 1749, aU vege- 
tation wa3 remarkably forward, and electricity is wdl 
bpwn to quicken vegetation. They ace likewise 
{veceded by frequent and smgular ajqieanmces of 
aUToro borea/es and australt-s, and by a variety of 
DfiteorSt which indicate an electrical state of the 
)tiiKiq>here. And he apprehends, that, in this state 
c| the earth and air, nothing more is necessary to 
HodiKe an earthquake, than the approach of a non- 
Wctiic cloud to any part of the earth, when in a 
^^y. electrified state, and the discharge t£ its con- 
M^ upon it ; and that as the discharge from an ex- 
eSft^ tube occasions a commotion in the human body, 
» the shock produced by the discharge between the 
dwd and many miles in compass of solid earth, must 
be an earthquake, and the snap from the contact-thc 
ooiee attendmg it'. 

M. de St. Lazare not only considers earthquakes 
as electrical, but has endeavoured to prove the prac- 

' Priestley's History of Electricity, perioj x. 
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ticaUlily of tbrming a counter-earthquake ai 
tti-volrann, or a method of preventing thi 
tulsions in the bowels of the earth, hy n 
certain electrical conductors which he describes. BiA, 
with rcf^tccttothis electrical cause, his theory is S& 
fcrcnt from that of Dr. Stukeley. He is of ofniitOD 
dint it is the interruption of the equilibrium b^WCeH 
the elecuical matter which is diflused in the atmO' 
Sphere, and that which belongs to the mass of our 
globe, and pervades its bowels, which produces eaith- 
quake«. If the electrical fluid should be super- 
itDundant, as may happen from a variety of causes, 
its current, by the laws of motion peculiar to fluids 
Is carried toward those places where it is in a similar 

SUantity ; and thus it will sometimes pass from the 
iternal parts of the globe into the atmosphere. In 
Buch a case, if the equilibrium be re-established with 
fiKJlity, the current produces no other effect thaiL 
what ne calls ascending thumler ; but if condder- 
ible and multiplied obstacles oppose this re-establish- 
nient, the consequence is then an earthquake, the 
violence and extent of which are in exact proportion 
to the degree of the interruption of the equilibrium, 
Bie depth of the electrical matter, Vind the obstades 
&at are to be surmounted. If the electrical furnace 
\te large and deep enough, so as to give rise to the 
fbrniation of a conduit or issue, a volcano will h^ 
produced, the succesave eruptions of which, fae 
chinks, arc no more in reality than electrical reptU- 
nons of the matters contained in the bowels <rf the 



Signior Beccana likewise thinks nearly the same 
Jto M. de St. Lazare, that the electric matter which 
OCCasionB earthquakes, is lodged deep in the bowels 
is the earth*. Dr. Priestley, after having redted 

' Mcmoire eiit un Para-Tremblemem de Terre el un Pjra- 

Volcsn. 
• Beccari* Lettere ddl* EleUrisrao. 
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the opiiiioDS of Stukeley and Beccaria on this head, 
does not absolutely decide which of these two phi- 
loaophes has advanced the more probable opinion ; 
bat Jie - thinks a more feasble general hypothedij 
than either of them, may be formed out of both. 
Soppoee, says he, the electric matter to be gome way 
(7 other acc:umulated on one part of the surface of 
die earth, and, on account of the dryness of the 
seaaon, not eaaly to diffuse itself; it may, as Bec- 
caria auppoeea, force itself a way into the higher 
rK|tons of the air, forming clouds in its passage out 
oftbe vapours which Hoat in tlie atmosphere, and 
occanon a sudden shower, which may further pro- 
mote the passage of the fluid. The whole sunace 
thoB unloaded, will receive a concusson, like any 
odter cmducting substance, on parting with, or re- 
oning any quantity of the electric fluid. The rush- 
va uaue will likewise sweep over jhe whole extent 
B the oountiT. And, upon this supposition also, 
the fluid, in its discharge from the country, will 
lutor&lly follow the course of the rivers, and take 
the advance of any eminences, to facilitate its ascent 
into the higher regions of the air. 

Whether these arguments in favour of the elec- 
trical hypothecs be absolutely conclu^ve, it is nut 
n^ intention to inquire. But since the above emi- 
lunt writers have silvered their respective opinions 
M the subject, a very ingenious naturalist, whose 
close attention to subterraneous geography, and the 
varie^ of new observations and interesting facts he 
has adduced, render his opinions highly deserving of 
notice, suggests the idea, that subterranean fire, and 
iteam generated from it, are the true and real causes 
of earthquakes. And he thinks the elasticity of 
steam, and its espanave force, are every way ca- 
pable of producing the stupendous effects attributed 
to earthquakes, when it is con^dered diat tliis c^- 



^jSM 



\ The Coiilentplalivc PliHoiopher. 
panuve force of Bteam is to that of eonpowder 

Such are iJie respective hypotheses coscKlffli 
eartliquakes. I leave my reaaerB to form their 
opinions of tJie probability of each, and shiJl ten 
elude this paper with the following esceUent mon 
lines: 

How gicailj terrible, haw daik and deep 

Tlie purposes of Heaven 1 Ai once o'erlhrowiii 

White age and yoiiih, the guilty and the justf 

[Oh, geemingly severe \) promiscuau* Tall. 

ReaiDti, whose liarlttg rye in vain explores 

The fearrul providenee, oonfusHl, iillliJued 

To silence and aDiaieinent, wjih due ptaitt 

A clinow ledges )h' Almighty, and adores 

His will unerring, wisest, jiistesl, best! Hat, LET. 



ON VOLCANOS AND SLJBTERHANEOllS 
FIRES. 

llorrificii juxta touat £tn3 ruinia, 
Interdumque alram procumpit ad ^ihera nubeni. 
Turbine rumantein piceo et candente ravilla, 
Aitolllique globes flam martini, et sidera lambii : 
Interdum scopulos avutsaque viscera monlis 
Hrigil crucians, liquetictaque saxa sub auras 
Cum gemiiu glomerat, fundo^e exxsluat imo, 

VIRGIL. 

Mlt\B roati with dreadful ruins nigb. 
Now hurls a hunting elotid of einilcts high. 
Involved in smoky wliirlwinds to the skji 
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With loud dbplosion, to the starry frame, 
Shoots fiery globes, and furious floods of flame : 
Now from her bellowing caverns burst away 
Vast piles of melted rocks in open day. 
Her shattered entrails wide the mountain throws^ 
And deep te hell her flaming centre glows. 

J. WARTON. 

OF all the volcanos, or ignivomous mountains, 
wifli which so many parts of the earth abound. 
Mount iEtna, or 6il)el, in the island of Sicily, is un- 
questi0nab]y the most ancient on record. As Homer, 
Aowev^, who flourished about 980 years before 
Chrirt, makes no mention of a phenomenon at once 
80 tremendous and extraordinary, this mountain is 
sopposed not to have biuTied before his time. Pindar, 
mo lived 480 years after Homer, is the first poet 
who has ^en us a description of its fiery eruptions. 
He has feigned the giant Typhoeus to be overuirown 
bf Jupiter, and overwhelmed by Mtna, whose agita- 
tmis and eruptions were caused by his vaui attempts 
to release himself from its incumbent pressure. Of 
dus fiction, Mr. West has given the following trans- 
ktion: 

Now under sulphurous Cuma*s sea-bound coast. 

And TBst Sicilia^ lies the shaggy breast; 
By snowy JEtna, nturse of endless frost, 

The pillared prop of heaven, for ever pressed : 
Forth from whose nitrous caverns issuing rise 

Pure liquid fountains of tempestuous nre. 
And veil in ruddy mists the noonday skies. 

While wrapt in smoke the eddying flames aspire. 
Of gleaming thro* the night with hideous roar. 
Far o*er the redd'ning main huge rocky fragments pour. 

But he, Vulcanian monster, to the clouds 

The fiercest, hottest inundations throws. 
While, with the burden of incumbent woods 

And Etna's gloomy clifls o'erwhelmed he glows. 
There on his flinty bed outstretched he lies. 

Whose pointed rock his tossing carcase wounds : 
There with dismay he strikes beholding eyes. 

Or frights the distant ear with horrid sounds. 



1 



The ConteiHptalhe P/iilosopfier. no. ti». 

Virgil, who swma, in my motto, to have copied thii 
sublime descn]>tion, has, in tlie five Hues that {d- 
low it, introduced Encdadus tn the ssme atuatioa < 
fts Typhceus. 

From the consideration of Earthquakes in my last 
paper, the transitioD is natural to Volcanoa, or buro- 
mg mountains; especially as the hypothesis, that 
euthquakea are caused by subterraneous fires, hia 
•till so many advocates, and is maintained, in pai' 
ticular, by Mr. Whitehurst, the last ingenious na- 
tiirnliat who has written upon this subjcct,~TIa< 
philosopher apprehends that subterraneous fire must, 
si (Ufierent tunes, have existed universally in the 
bowels of the earth, and that in union wiui wSta, 
at by the expansive power of st«am, it has produced^ 
the immense continents, as weU as the mount^ns of 
Oiu" globe, and also the universal deluge'. 

Dr. Watson, bishop of Landafi", has some adnuiil' 
ble reflections on this subject in his Chemical Essnrs- 
' The most remarkable changes (says he) which haVe 
token place in the form and constitution of the esFtli, 
since tne deluge, have probably been produced by 
Bubtemmcous fires; for it is to tlicir agency that 
philosophers aseribe volcanos and earthquakes ; those 
tremendous instruments of nature, by which she caa- 
verts plains into mountains, the ocean into islandi, 
and dry land into stagnant pools. 

' Tir. Hooke formerly had maintained, that all 
land had been rmsed out of the sea by earthquakes ; 
and modem philosophers seem to admit his hj-pothe. 
sis, though not, perhaps, in its utmost latitude. Tliua 
one of lliem is of opinion, that Iceland, whidi is 
Ingger than Ireland, has been produced by volcanos 
in the course of several centuries-. Another, after 

' Inquiry into ihe Original Slate and Formation of the 
'" l-cumon Icehnii Ity Dr. Una Von Troil.p. SBJ 
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giving an ingenious conjecture concerning tlie ori^n 
of all the tropical low isles in the Soutli Sea, assures 
u% that of tiie higher isles there is hardly one of 
ihem which has not strong vestiges of its having un- 
dergone some violent alteration b^ a volcano. Some 
of tnem have volcanos still subsisting ; others, among 
which are Otaheite and Huaheine, seem to have been 
elevated, in remote ages, from the bottom of the sea 
by subterraneous fires ^ 

* When these fires were first kindled ; by what 
sort of fuel they axe still ipaintained ; at what depths 
below the sunace of the eartli they are placed; 
iriietber they have a mutual conmiunication ; of 
what dimensions they consist; and how long they 
may continue, are questions which do not admit an 
easy decision. The surface of the earth is admirably 
fitted for the support of the existence and well-being 
of all the animals which inhabit it. Gkxl has given 
us the abihty also to penetrate a very Uttle below 
this surface ; and as the reward of our indu^ttry, he 
has placed within our reach a great variety of useful 
minerals; but as to the central recesses of the globe,. 
we can never penetrate into them. A gnat essaying 
the feeble efforts of its slender proboscis against the 
hide of an elephant, and attempting thereby to in- 
vestigate the internal formation of Uie body of that 
huge animal, is no unapt representation of'^man at- 
tonpting to explore the internal structure of the 
eartii by digging little holes upon its surface. 

' But though it will ever be impossible for us to 
search far into the bowels of the earth, or to imitate 
m an exten^ve degree, the great operations which 
are constantly carrjdng on beneath its surface, yet it 
affords a curious mind no mean degree of satisfac- 

> Observations made during a Voyage round the World by 
Dr. Forster, p. 151. 
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lion u> be able, byobviuuo expenmenUi, to form somt 
reasonable conjectures eoaceming tbem. 

' Mr. Lemery ', as tar as 1 (tave been able to kai^ 
naa the first person who illustrated, by actual expa^ 
nient, the ongin of subterraneous fires. He mixed 
tweuty-tive pounds of powdered sulphur with as 
equal weight of iron filings; and having kneaded 
the mixture together, by means of a little water, into 
tile consistence of a paste, he put it into an iron pot, 
covered it with a cloth, and buried the whole a IboC 
under ground. In about eight or nine hours IJiH 
the earth swelled, grew warm, and (Tacked: hot 
sulphureous vapours were perceived ; a flame whicJl 
dilated the cracks was observed; the superincumbent 
ttarth was covered with a yellow and bWk powder: 
in short, a subterraneous fire, producing a volcano 
in miniature, was spontaneously lighted up from the 
reciprocal actions of' sulphur, iron, and water, 

' That part of this experiment which relates to the 
production of fire, by the fermentation of u^ti filitigv 
and sulphur when made into a paste, has been &^ 
quently repealed since the time of Mr. Lemery. I 
myself have made it more than once, but I have 
Bothing material to add to his account, except that 
tile flame, when the experiment is mode in the open 
Mr, is of very short duration ; and the whole mass, 
after the extinction of tlie flame, continues at inter* 
vals, for a longer or shorter time, according to its 
qiiantity, to throw out sparks ; and that a ladle fuB 
m the isnited mass, being dropped down from a con- 
eiderat^ haght, descends like a shower of red^iot 
■sliee, much resembling the paintings of the enip* 
dona of Mount Vesuvius, which may be seen at tne 
British Museum. It has been observed, that hrge 
quantities of tlie materials lu-e nut requi^te to maAe 

■ Coufs de Chimie, p, 178. 
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the experiment succeed, provided there be a due pn>- 

liurtion ot' water ; half a pound of steel filings, mUf 

[XMind of Hower ol' biimstone, and fourteen ounces 

water will, when w-ell nuxed, acquire heat enouirh 

make the mass take fire. 

'llmt heal and lire should \k generated from the 

leous actions of minerals upon each other, is 

ion by no means singuar in nature, how 

iver It may be to account for it. The 

. of putrescent dunghills, of the fermenting juices 

r)f ve^tables, and, abme all, the spontaneous firing 

■ifliay not properly dried, are olivioiis proofs that 

n-getablea possess this propertv as well as mineral!. 

i u both vegetables and minerals, n definite quamity 

ofmcMsturc is requisite to enable them to commence 

dtat intestine motiuii of their parts, which is Deces- 

iBfy JOT the pioductitm of fire. Iron and sulphur 

mrald lemffln mixed U^ther tbr ages without talcing 

file, if they were either Itept perfectly free from 

or drenched with too much water ; asA 

in like manner, which are quite drv, or 

^ J wet, are incapable of taking fire wiiile 

lliey continue in that state ' . 

* But tbou^ it is certain from the experiment, 
tblt tnixtures of iron and sulphur, when minstened 
altti a proper auaxitity of water, will spontaneously 
tdte'fire ; yet tne origin of subterraneous fires can- 
not, nHth any degree of probability, be referred to 
the Bune pnncijJe, unless it can l>e shown tliat na- 
tive has combined bwethor in large ()uatititics iron 
andsu^m-, and distriboted the compostion through 
Tsious internal parts of the earth, 

* Now that this is really the case we can have no 
dm^L Th»e is, perhaps, no mineral more com- 
wndy met with rfian that which is composed of iron 

' Animal s«b!taEiccs, when laiJ nn he.ips have bftn ob- 
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and suljihur. It is found not only ujwn the t&ce <£ 
the earth, but at the greatest depths below it, ti» 
which mines have been hitherto dnvcn: notonlyioi 
England or Italy, Europe or Aria, but in all 
ol'the world. This mineral is called in some pertv' 
of England, copperas-stone; in others, brazil; BT 
others, bvasR-lumps ; in others, rust-balls ; inothos^ 
horse-gold ; tn omers, inarcaaite ; tliough naturalistt 
are now, I think, agreed to ^ve that name to sudi 
mineral bodies as are angular and crystallized, egp^ 
caally into a cubical form. The scientilic naine «• 
pi/n/es, — fiery: a denomination expressive enoi^ 
oV the property which this mineral has of striki^ 
fire with steel, and of spontaneously taking fire, when 
laid in heaps, and mmatened with water. > 

' Sulphur and iron arc tlie chief constituent parts 
of the pyrites ; arsenic, however, is sometimes united' 
with the iron instead of sulphur, and sometimes sul-'^ 
phur and arsenic are both of them combined widlJ 
iron. The pyrites also, atcidentally, conies cop-^l 
per, alver; and perhaps gold: hence tlie pyrites has'' ^ 
been distinguished by mineralo^sts into various sorts, 1 
by attending, either to its internal constitution, aa 
the iron, the copper, the sulphureous, the arsenical 
pyrites; or to its external figure, as the pyronudat, 
^e cubical, the xphcrical, the prismatic pyrites ; or 
to its colour, as the gray, white, yellowisn, yellow, 
orange pyrites, 

' Though the reader may have never contem- 
plated the various g>ecies of the pjTites in any c». 
binet of natural history, or taken notice of such 
kinds as are commonly to be met with in chalk-pits, 
in beds of clay, or upon the seashore in many places ; 
of England, yet the yellowish matter, often ad- . 
bering to, or mixed with tlie substance of pit^cocd, J 
cannot, surely, have escaped bis observation: that 
matter consists of sulphur and iron, and is a species 
of tlie pyrites. So much of this sort of the pyrites ^ 
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is dug up together with the coal, at Whiteliaven, 

Newcastle, and other places, the ptx)ple arc cm- 

jdoyed to pick it out from among the coal, lest it 

^uld vitiate its quality, and render it less saleable. 

The pieces of the pyrites which arc sepai-ated irom 

the coal are not thrown aside as useless, but laid in 

heaps, for a purpose to be mentioned hereafter; and 

these heaps, not manv years since, took fire both at 

Whitehaven and in tlie neighbourlvxxi of Halifax. 

The same accident was observed alK)ve a hundred 

years ago at Puddle Wharf' in London, where heaps 

of coel which contained much of this pyrites took 

file'. 

* Thou^h^Lemery was the first person who, by 
artificial mixtures of sulphur and iron, produced fire, 
yet that natural mixtures of these substances would 
mntaneously take fire was kno^vn before he made 
his experiment. I'hus, to omit what is said by Pliny 
and the andents, we are told by good authority, that 
one Wilson at Ealand in Yorkshire, about the year 
1664 or before, had piled up in a l)am many cart- 
loads of the pyrites, or brass-lumps, as they were 
called by the colUers, for some secret purposes of 
his own: the roof of the barn happening to he bad, 
the pyrites were wetted by the ruin ; in this state 
they began to smoke, and presently took fire, and 
burned Tike red-hot coal 2. 

' We have an account, in the Philosophical 
Transactions for 1693, of a cx)vetous master of a 
copperas work at Whitestable in Kent, who, in order 
toweak his ndghbour^s work, had engrossed all the 
pyrites or copperas-stone in the country : he built a 
shed over two or three hundred tons ol these stones, 
to keep off the rain. In the space, however, of six 
or seven months, the mass (being probably wetted 

> Jorden of Miner. Wat. C. xiv. 
• Fbwej^s Micros, Obser. p. 62. 
VOL, IT. H 
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by the mcasture of the atiiios]:Aere, or by the raui* 
^'hich, notwithsUinding Uie ahed, might have fallow 
upon it) took firo and burned for a week ; it qiiitft 
destroyed liis shed, and disappoioted all his hopcsof 
profili; for the pyriti.-s vfat, in part converted into ft 
8uhst4nce like melted metal, liad in pait it looked 
like r<hd-hot stones : all the sulphur was consunuidt 
and the neighbourhood was nuserably affiicted hj 
the noxious exhalation whicli it sent fortli. 

' In the niontli of August 1751, tlie cliffs near 
Chanuoutli in Uorsetsliire took fii'e, in consequence 
of a heavy fall of rain after a hot and dry seuon, 
and they continued at intervals to cinit ilame ftri 
several years.— These cliffs consist of a dack-co*! 
loured bituminous loam, in whi<.'Ii nrrt imbeddal 
large quantities of diderent kiiuis of t!ic pyiites.'- 
The same kind of Hanie has lieea frequently via- 
served in the Cornish mines, and tlib iiiiuer^ fite. 
Bometimes leads to the discovery of a mine; but 
wherever it is found to exist, the iron pyrites is ge>i 
Heraliy discovered near it '. 

' lliere are some sorts of earth from which alum 
is made, which abound so much with the pyrites, 
that the proprietors of ihe works are forced to ke^ 
them constantly well watered, in order to prevent' 
tbi^ taking fire.— -But it would be useless to piveuei 
this subject further ; we have adduced proof suCii 
finent, that nature furnishes materials, which, under 
certain circumstances, may become the occaaon of 
subterraneous fires. The requiwte circumstancn 
are a proper quantity of the materials, a proper pm^ 
tion 01 water to moisten them, and, perliaps, a gokk 
municaticHi with tlie sar may be necessary. A amaU 
quantity of the pyiites h sufficient to kindle a fire ; 
water is almost every where found ia such gnoU 
plenty below the surface of the earth, that it con-; 

' Philis. Traui. vol. lii. p. i ig, 
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Qtutes one of the greatest impediments to our sink- 
ig pits to any great depth ; and air, if it should 
e moufftit absolutely necessary to the spontaneous 
rii^ of the pyrites, may be concdved either to ac- 
nnpany the water in its dripping, or to descend 
ito the innermost parts of the earth through the 
ssures -which are found upon its surface. When a 
ibterraneous &e is once kindled, it may be sup- 
orted for ages by other substances, as well as by 
lose which first gave rise to it : thus, if a quantity 
f the pyrites should take fire in a stratum of coal, 
rof ^iue, or of any other eubstaiice strongly im- 
regnated with bitumen, the fire might continue till 
K stratum was consumed'. 
' There are such a great number of volcanos 
ow subsisting in every quarter of the globe, and 
) many unequivocal vestiges of others, which in 
9igth of time have become extinct, that some phi- 
Kt^hcTs think they have reason on their side in 
iif^io^ng, either that the earth, at some considera- 
le distance below its surface, is surrounded with a 
jatum of ignited matter of a definite thickness ; 
r that Uie whole central part of it is nothing but a 
lass of melted minerals, which e\'ciy where strug- 
fing for vent, bursts forth where there is the 
OSt resistance, lAivering into rude fh^ments the 
ipcrincumbent crtist lA earth, and delu^ng with 
iiitainous torrents of hquid fire the adjoining 

liis account of tlie origin of volcanos and sub- 

.iiieous firea, as it is tlma confirmed both by es- 

OTraents and facts, mQ, I have no doubt, be very 

' Thae are some coalcries on fire now in Scoiiatid, which 
ueoD fite in ihe time of Agricola. — Pennant'^ Tour in 
DtUnd, part ii. p. SOI- Sec an account of ihe conleries oi 
e in Staffordshire, in Dr. PloU'a Nat. Hisl. of ihai county 
i fit the substances sublimed fTom the bumiug coikljuti a 
' !.lnPhilM. Trans, for 1676. 
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satisfattory to my readers. In nty next paper ! 
shal! offer some further observations, which &pp^ 
to me of no small importance in the cUM;usfaoii a 
this curious and interesting subject. ^'^ 



FURTHER REFLECTIONS ON VOLCANOBj 

WITH A BEFUTATION OF BOMB OBJECTlOli 

FHOM VOLCANIC PHENOMENA, AGAINST TKB rtWtl 
OF BEVELATIOff. 

■file fluid lake that works below, 
Bilumen, sulphur, eall, acd Iron scitm, 
Heaves lip m boiling lide. The lull' ring niounl 
li lorn with agonizing throes. At once, 
Forlh from iti aide' disparted, blazing |iou[s 
A mtghtif river ; burning in |>rone waves. 
That glimmer ihro' tlie night, to yonder plain. 
Divided there, a hundred torrent GtreBins, 
Kach ploughing up iu bed, roll dreadful on, 
lleaislless. Villages, and woods, and rocks. 
Fall Bat before their sweep. The rtEion round, 
Where mjTlle walks andgroies of golden fruit 
lloBe fair; where hatvest waved in all its pride; 
And where ihe vineyard apread its purple jtote. 
Maturing iiiio nectar i now dcipoiled 
Of herb, leaf, fiuii and flower, from end to end 
Ues burled under fire, a glowing sea I MALtETi 

BESIDE the astonishing explosion of dames and 
smoke, of cinders and bumine rocks, the eruptioiU 
of volcanos exhibit a dreadfulphenomcnon, in prd| 
dia^ous inundations of hquid fire, wliich bear ir 
cvitable destruction with them. The Italians ipi 
le of lava to these fiery streams. This lai 
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oonsists of a mixture of stones, sand, earth, metallic 
substances, salt, &c. calcined, rendered fusible, and 
vitnfied, by the fire of the volcanos; but as the 
mass, of which it originally consists, is very hetero- 
geneous, the lava, when cold, appears under various 
ronns and colours. The purest sort is a hard, black, 
homogeneous compact glass. There is another spe- 
cies which is hard, heavy, and compact, like mar- 
Ue; susceptible of a very fine polish ; and converted, 
at Naples, to a variety of domestic uses. There is 
another kind, which is a grosser stone, commonly 
ish-coloured, and used both for building, and for 
paving the streets. I'hat which is found on the 
fiur&ce is still more gross and spongy, resembling 
the scoriae, or recrements, of melted metals. 

It would carry me too far beyond the limits of 
dus paper,, if .1 were to enter into a historical ac- 
count rf the eruptions of volcanos. Those of iEtna 
and Vesuvius only would occupy many volumes. 
The violent eruption of Vesuvius, in 1767, is reck- 
oned the 27th, since that which destroyed the cities 
of Herculaneum and Pompeii, in tlie reign of em- 
peror 'Iltus; and tliis eruption of 1767 has been 
succeeded by several others. Of die erupUons of 
^Etna, Mr. Oldenburg has given a historical account 
in the Philosophical Transactions, No. xlviii. j). 967. 
A very great eruption of this mountain was in tlie 
year loo9. I'he progress of the lava, or fiery 
deluge above descrioed, was at the rate of a furlong 
a day. It advanced into the sea 600 yards, and 
was then a mile in breadth. It had destroyed, in 
forty days, tlie habitations of 27,000 persons ; and 
of 20,000 inhabitants of the city of Catanea, only 
3000 escaped. This inundation of liquid fire, in its 
progress, met with a lake four miles in compass, 
and not only filled it up, although it was four fa- 
thoms deep, but raised it into a mountain. Borelli, 
an ingenious Neapolitan, has calculated, that the 
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uuttter (IJachar^ecl at thiA eruptioD was sufficient 
fill a space of 9d,8SS,T50 cubic paces. The kv 
which ran from it is fourteen miles in length, m 
in many parts, six in breadth. There have been i 
fsuch eruptions since, although there have be^i 9gi 
of man^, more terrible, that preceded it. 

A discussion of all the phenomena observable 
volcanos, of which there arc many in difi'erent pai 
of the world, would be as impracticable, in di 
paper, as a histonciJ account of their eruptitms, 
nhall, therefore, confine myself now to such obt 
stTvations, as have not been generally attended 
Among the other appearances of our globe, wh: 
have afforded room to miBute philosophers^ 3 
:^uperhcial inquirers, to cavi) at the truths of revda 
tton, may be mcluded the phenomena of volcanog 
A very pleasing and popular writer, in particulu^ 
in his description of^Uia, lias insinuated an ob 
)ection to the Mosaic account of tlie creation, bj 
utating in a hght somewhat ludicrous, the observa 
tions of an ingenious ecclesiastic of Sicily, who wi 
of opinion, that Mount ^tna was many thousBi) 
y^xs more ancient tlian Moses Lad made the earth*, 
The objections of this ecclesiastic, and of the sov 
ditant philosophers who have adopted them, hav 
been fiurly stated, and admirably rehited, by 
learned prelate, whose writings do equal honour 
his age and country*. I cannot do better, thai 
tore, than give it in his own words : 

< There is an ai-gument by which some phild 
sophers have endeavoured to overturn the vihtA 
system of revelation : and it is the more necessar 
to give an answer to their objection, us it is becoii 
a common subject of philosophical conversatioi 

■ Brydone's Tour through Sicily and Malia. 

• An Apolosy for Chmlianitv, by H. Walson, D.D. tit 

■b'lHhop of Lanuaff, ' 
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Mectally aiming those who have visited the toRtintnt. 
Tne obieetion tends to invalidate, as it is supposed, 
tJie authority of Moses ; by showing, that the earth 
is mticli older than it can he proved to be Irom liis 
account of the creation, and the scripture diro- 
nology- We contend that six thousand years have 
not yet elapsed since the creation ; and thef^e phi- 
Imonhera contend, that they have indubitable proof 
of uie earth being at the least 1 4,000 years old ; 
and they complain tliat Moses hangs as a dead 
weigljt upon uiem, and blunts aU their zeal for 
inquiry. 

* Tne Cajiooico Recupei-o, who, it seems, is en- 
gaged in writing the history of Mount ^tna, has 
discovered a stratum of lava, which flowed from 
liiat mountain, according to his opinion, in the time 
of Uie second Punic war, or about 2000 years ago; 
this stratum is not yet covered with sou sufficient 
for the production of eitlier com or vines ; it re- 
<]uires then, says the Canon, 2000 years, at least, 
to convert a stratum of lava into a ferhle field. In 
i^inking a pit near Jaci, in the neighbourhood of 
iOina, they liave discovered evident marks of seven 
li-tinct lavas, one under the other; the surfaceK of 
ahidi are parallel, and most ()f them covered with a 
thick bed of rich earth : now tlie eruption, which 
ftnned the lowest of these lavas (if we may be aU 
Wed to reason, says the Canon, from analogy) 
flowed from the mountain at least 14,000 yeai-s 
ago. — It might be briefly answered to this ob- 
jection, by denying that there is any thing in the 
Mosftic account, repugnant to this opimon con- 
Mrmng the great antiquity of the earth ; for though 
te rise and progress of arta and sciences, and the 
small multiplication of the human species, render it 
almost to a demonstration probable, that man has 
sot existed longer on the surface of tliis earth than 
Recording to the Mcsaic account; yet, that the 
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eartli itself wai> then created out of BOthi ^ 
nun was placod upon it, is not, accordin^^ 
■enljnieiit6 of some philosophers, to be pruro 
the ori^ual text of Siurred scripture ' ; wc migfat, 1 
say, replyi with tliese philosophers, to this tbnnidB* 
ble obJeL'Uon of the CaJion, by granting it in its fiiU 
extent: we are under no necessity, however, tf 
adopting th^r op'uiiuu, in order to hhow the weak* 
ness of the Canon's rca^niug. For, in tlic fint 
idace, the Canon has not satisfactorUy establi^ud 
nis main fact, that the lava in nuesljon is the ideo- 
iical lava, which Diodorus SiculuE mentions to have 
Howcd from ^tna in tlie second Cartha^niaa war; 
and, in the second plac«, it may be observed, thA 
the time necessary for converting lava into lerdk 
fields must be very different, actwrding to the dit 
ferent consistencies of tlic lavas, and their different 
sitnations, with respect to elevation or depression ; 
to their being exposed to winds, rains, and to other 
drcumstances ; just as the time, in whidi tiie hei^ 
^ iron slag (which resembles lava) are tiovered with 
I jgerdure, is different at (Ufferent furnaces, accords^ 
L 'ftp the nature of the slag, and situation of the ftu^ 
' — ze ; and something ot tliis kind is deducible frotn 
J account of tlie Canon liimself; since the ct»- 
s of this famous stratum are really full of ridi, 
1 soil, and have pretty large trees growing in 
1. 
' But if tliis should be thought not sufficient to 
I jemove the objection, I will produce the Canon an 
r .analogy in opposition to his analogy, and which is 
I JP^L>"(^^^ upon more certain facts. ..^tna and V&- 

.. e upiiilciiioraoincphilosciphers, thai the subniartne 
f,*o1cinns ekibled in the chaulic mass, aiileccJcQl lo llie ci — 
n of the wnrlil. Tlie inquisiiitc ttailtr will find this _. 
\l tlliiBlritled ill Kirvvaii's Elements of Mineralogy, and 
■ ..... :_.j j[^g original Slate and Pormaiion 
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imiiis resemble each other in the causes which pro- 
duoe thdr eruption, in the nature of thdr lavas, and' 
in die time necessaiy to mellow them into soO fit tor 
v^^etation ; or, if there be any slight difference in 
dm respect, it is probably not greater than what 
■dMBts between dinerent lavas of the same moun- 
tnt This being admitted, which no philosopher 
«31 deny, the Canon^s analogy will just prove no^ 
dnng at all, if we can produce an instance of seven 
diSerent lavas (with inteijaoent strata of vegetable 
earth) which have flowed from Mount Vesuvius 
not in the space of 14,000, but of somewhat less 
than 1700 years ; for then, according to our ana- 
V A stratum of lava may be covered with ve^ 
e soil in about ^0 years, instead of requiring 
WOO for the purpose. The eruption of Vesuvius, 
irinch destroyed Herculaneum and Pompdi, is ren- 
kred still more famous by the death of Phny, re- 
nrded by his nephew, in his letter to Tadtus ; this 
rvent happened m the year 79 ; it is not yet then 
[oite 1700 years since Herculaneum was swallowed 
\p : but we are informed by unquestionable autho* 
(ty, that the matter which covers the ancient town 
P Herculaneum is not the produce of one eruption 
oly ; for there arc evident marks that the matter 
f fflx eruptions has taken its course over that which 
es immediately above the town, and was the cause 
r its destruction. The strata are either of lava or 
ami matter, with veins of good soil between them ^ 
-I virill not add another word upon this subject ; 
Eoept that the bishop of the diocese was not much 
it m his advice to Canonico Recupero— to take 
tre not to make his mountain older than Moses ; 
lOUgh it would have been fiiU as well to have shut 
s mouth with a reason, as to have stopped it with 
le dread of an ecclesiastical censure.'* 

« Sir William Hamilton*s Remarks on die Soil of Naples^ 
c. Philos. Trans, vol. Ixi. 
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In this complete refutation of a aeunungly irre- I 
JBtiiblc argument, the intelligent aod candid reads I 
vill observe on what wet^ tbundadoDS are uigod 1 
,aumy other arguniente against revelation, by ibe 
patrons of infidelity. A more extensive knowa^ 
of the subject, in this particular iustance, wotud 
iJhvc prevented the hasty petulance and monieiitny 
ijrium^ of mindBt not sumciently informed, and n 
Hfloly previously disposed. perhapE, but even otmous 
•na impatient to disbelieve. In hke manner, thoK i 
who are at all conversant with the deihttcal contnv | 
versy will recollect how many arguments have h 
IKlvanced ag^st passages in the sacred writiius, 1 
which a greater degree of critical learmag, and a \ 
better acquaintance with the manners, custinns, and 
|Wrticular circumstances of those tiroes, would have 
|]roved to be frivolous and groundleiis. Yet tboe 
dbj^ections, although refuted a thousand times to the 
Htisfitction of all competent judges, will still caa- 
linue to be urged wilh confidence and exultatiw, 
and as eagerly adopted by ignorance, and (by what 
ia perfectly compatible with infidehty) by credulily 
iteelf : so very justly, therefore, may the poet's oO- 
^ KTvation be a^^lied to such speculators in puilosophy 
wd religion : 

' A lidle learning is a Jangcroiw ihing.' 

Sir Wilham Hamilton, who resided many years, 
in a pubhc character, at Naples, and who, with suidi 
«redit to his country and to lumself, has pursued a 
variety of literary and philosophical researches, has 
Uirown great light on the history of volcaoos. In 
tiie various letters which he has sent to the Royal 
Bo«^ty, on this curious aad interesting subject, he 
has demonstrated that these formidable phenomena 
fulfil the most beneficial purposes, by servii^ as 
spiracles or tumiela to those subterraneous fires, 
which would otherwise render the dreadful effects 
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of earthquakes more dreadfiil still'. In one lett^, 
njoreovFT, he has mentioned some particulars which 
tSbrd an exeeUent lesson to all who are fond of ex- 
ploring Nature in her wonderful operations ; teach- 
ing theni not to form rash and premature conclusions 
fiOTH appearances only, but to proceed in (heir re- 
wardies with patient and steady investigation. He 
has demonstrated, that many of the revolutiona m 
ttie face of the globe have been effected by absohite 
chemical processes, carried on by Nature, on a mcwe 
wonderful and extensive scale, than the puny efforts 
of liiuiian art. 

' The gulfs of Gacta and Terratina (says Sn- 
WilKam") may, in the course of time, become an- 
other Campo Felice : for the rich and fertile plain 
so called, which extends from the bay of Naples to 
the Appenines, behind Caserla and Capua, has eri- 
dcntly been entirely formed by a succession of such 
volcanic eruptions. Vesuvius, the Solfaterra, and 
the high volcanic grounds, on die greater part of 
which the city of Naples is built, were once probably 
islands; andweraay conceive the islands of Procita» 
Ischia, Ventoliene, Palmarole, Ponza, and Zannooe, 
to be the outline of a new portion of land intended 
by Nature to be added to the neighbouring con- 
tinent ; and the Lipari islands (all of which a*e 
volcanic) may be looked ui»n in Ihe same light, 
with respect to a future intended addition lo the 
tdand of Sicily. 

* The more opportunities I have of examining 
this volcanic country, the more I am convinced of' 
the truth of what i have already ventured to ad- 
vance, which is, that volcanos shtnild be oonradered 

■ The dread volcano minister) tn gond ; 
Iti EcnolherrJ flames might uadcrminE the irorld : 
Loud 3itna3 fulminate in love to man. loVKO. 
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a creative rather them in b iJcslruclivt,^ 
[any new discoveries have been made of late 
■prticularly in tho tioutli seas, of islands whi< 
9tai birth to volcanic explouons ; and some, ind< 
idiere the volcanic fire stdl operates. I am incUned 
Jo believe, that upon further examination, moet of 
jke elevated islanits, at a considerable distance fiua 
DDDtinents, would be found to have a volcanic onran; 

• the low and fiat islands appear in general lo Ebv« 

ipen formed of the epoile oi' sea productions, auchu 
IXH'als, madrepores, &c. 

' Those who have not Jiad an opportunity of es- 
#)iimng a volcanic country, as 1 have for more than 
Imrenty years, would little suspect, that many- ci& 
■ious productions and combinations of lavas and 
ftiifas ' were of a volcanic origin ; especially whra 
fliey have undergone various chemical operations of 
Kature, some of which have been capable of coo- 
Irerting tuflas, lavas, and pumicc-stonc iqto the 
'IMirest clay. 

V ' 1 have observed, diat young observers ii 
jranch of natural history have been too apt to faSii 
uUq the dangerous error ol' limiting tjie order df- 
'f4ature to their confined ideas : for example, shoiJd^ 
Jtbey suspect a mountain Ui have been a volcano, ihgr 
jmmediateiy climb to the summit to seek for the c»-j 

ter; and if they neither find one, nor any »^n9 c£ 
f^mice-slone, directly conclude such a mountain ooti 

to be volcanic : whereas, only suppose Mount .^tna 
#D have ceased erupting for many ages, and that 
4Blf of its conical part should have mouldered away 
iy time (which would naturally be the consequence) 
jgipd the harder parts remain m points, forming an 

immense circuit of mountains (.i^tna extending its 

' The tuffa, or tufa, is a slone fnrmed of volcanic ashes, 
flonrretei wilh various other S|iecics of sione, in which argil 
predaminates. ll is harder ihan marble, but Slill poroiusml 
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more, than 150 miles) ; such an observer as I 
biBve just mentkmed would certainly not find a era* 
on the top of any of these mountains; and his 
would 1be too limited to oxiccive, that this 
iSnole ibh^ of mountains were only part of what 
oMoe oonatituted a comj^ete cone and crater of a 
Kilcana It cannot be too strongly recommended 
to observers in this, as well as in every other branch 
tf natural history, not to be over hasty in their de- 
oaoDs; not to attribute every production they meet 
with to a nn^ operation of Nature, when perhaps 
it has undersone various, of which I have given 
oamples in me island which is the principtd subject 
of tins letter >. That which was one day in a cat- 
nreoos state, and formed by an insect m the sea, 
hsBomes iitn£ed in another, by die action of the 
volcanic fire, -and the additi<m of some natural in- 
gredieiits, such as sea salts and weeds, and is again 
tmsfixined to a pure day, by anotlier curious pro- 
cess of Nature. The naturalist may indeed decide 
as to the present quality of any natural production ; 
but it would be presumptuous in him to decide as to 
its fimner states. As far as I can jud^e in this cu- 
noos country, active Nature seems to be constantly 
emplflyed in oompomng, decomposing, and recom- 
poug ; but surely for all wise and benevolent pur- 
thoiu^ on a scale, perhaps, too great and 
lor oiir limited comprehension.' 

■ The island of Ponza. 
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No. LVI. 

ON THE ART OP NAVlGATIOIt. 

Invcntfi ICC nit prlmui ijat nave profaBdmn, 

£t rudibus rcmi' MlliciUTil aquaaj 

Tranqiiillia priimii ircpiilus it ccedidit undii. 

Liltnra sccuio tpniile sumina kgeiiB : 

Mox longn; icntiire sinus, «t linqaetc tem 

£t lenl ccepit puiiIcK tela nolo : 

All ubi pauiatiiii prsceps audaria ereritt 

Cordaque laiiguciiiuin liolicere metum ; 

Jam vagus irnipit pcla^o, cccluniquc ^ectllus, 

JEgeas hyemes, loniasque dotnal. CtAOP 

FiiEl OD ihe wave the savage sees afiojt, 

Wiih nncomhoars, his jusi iiivcnied boal; 

Wilh timid eye the tranquil waler views. 

And dose to ihoTc his course secure purstio; 

To catch the louthern breeze he next oiayt. 

And epreada ihe tail lo cioss the spaeioiu M^t ; 

Then, by degrees, forgot dejecting fears. 

No rtiore with aspect dread the sea appears ; 

Inlrepid grown, he 5ircichM to ihe main. 

Nor can the ahores his eager bark deiam ; 

But far away, ihc heai'iis alone his jiiide, 

H* braves th' JEgean stortni and (iercs Ionian liiUi 

LO 

IT is not an Ul-feunded prcEumplion, that nil 
early migrations of roankind were made by ll 
The ocean, wliich every where surrounds Uie 
tutable earth, as well as the various arms of the 
which separate one re^on from anothET, th» 
destined to facilitate the communication between 
8tant countries, seem, at first, to be formed to cl 
the progress of man, and to mark the bounds of 
part of the globe to which Nature had confined I 
It was long, we may suppose, before men attemj 
lo pass this fbrmidiiblc barrier, and became so ski 
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\ adventurous as to commit themselves to the 
rey of the winds and waves, or to quit their na- 
Tie shore in quest of remote and uoknuwn ivf^s. 
Horace seems to have this idea, and to con^der 
ih? first voyager as ]K>saessed of an intrepidity more 



Circa pectus erat, qui fragilem truci 
Commiiit pelago raiem 

Primus 

Necqaicquam Deus abicidit 

PrudcDs occBoo diisociablli 
Tetras, s't tamen impix 

Non tangenda rates ttansiliimt vaila. 

Or oak, or brass, with triple fold, 
Arounil thai riaiing mortal's bosom rollcil. 

Who first, to ihe wiiU ocean's rage, 
Lauached the frail bark 

Jove hoa ihe realms of earth iu vain 
Divided by the inhabitable maio. 

If ship) profane with fearless pridr. 
Bound o'et ih' inviolable liJe. rRAHcii. 

Navigation and ship-buUding are such complicated 
ats, that they require the ingenuity, as well as ex- 
perience, of many successive ages, to bring them to 
Oi;^ degree of prfection. From the raft or canoe, 
winefa first served to carry a Ravage over the river 
that obstructed him in the t^aiie, to tJie constructiDn 
of a vessel capable erf conveying a numerotis crew, 
mtli sai'ety, to a distant coast, the pr(^p:esB of im- 
provcment is inmiense. Many eirorts must have 
oeen made, many experiments tried, and much la- 
bour and invMition employed, beibre men could ac- 
oon^sh this arduous and important undertaking. 
The rude and imperfect state in which navigation 
is still found, among all nations tliat are not con- 
^derahly avilized, coirespoiHls with this account cf 
its pn^rese, and demonstrates that, in early tunes, 
tfae srt was not so &r improved as to enable men t« 
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undertake distant voyages, or to attempt i 
-discuvenes. 

Lucretius enumerating the various arts, that «i 
brought to the perteciion they had attained iu ] 
time, by llie observation of succeswve artists, i 
proving upon new hints and a\iginenting experietia 
Degins (irGt with this important science : 

Navigia, iique agriculturas, mtznia, legea, 
Arma, vias, >eiTei, et cxiera ile gcaete hornm, 
I'lxmta, delicjas quoqiiE vilx fundilus oinntis, 
Caimina, piciuras, el <txdn1a signs polire, 
Usi>3, el iM'pigrv simul i-Mperientia menlU 
Paulaiim dnciiil pedelenliLn prog red ien I is. 
Sic iinum qulc^uid panUtitQ protrahit ztaa 
In niediain raiinqiic in lumims eruil otas. 
Namque aliud ex alio clarcscere corJe videbani 
Attibus, arl summum donee Tcn£re q\ 



Thill ships, thus clothe?, thus wine, and oil b^an; 

And lowns, ihe comrort and support of man ; 

But beltfred, all lo due perfection brought, 

Bf searching wits, from long eKperUncn laiight. 

Thus lime, and thus sagacious men produce 

A ihousand ibings or fiit delight or use i 

For one thing known does vigornns light impart , 

For FuTthcr search, and leads to height of acl. 

CBBECH. 

There will ever be speculators, fond to conjecture 
concerning die origin of tilings, however remote in 
time, and enveloped in obscurity. Various, in cours% 
have been the conjectures concerning navigation; 
coniectures, which however unsatisfactory, are yet bo 
&r mteresting, as they furnish some pleasing scope 
for ingenious, as well as fanciful reflections, Among 
flie andents, the poets refer the invention of the art 
of navigation to Neptune; otliers to Bacchus, others 
to Hercules, others to Jason, and others to Janus, 
who is said to have constmcted the first ship. Hi*- 
toriaiis afictibe it to the Kgenites, the Pheoiciaiv, 
and tlie ancient inhabitaniji of Britain. Some wilt 
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Mre it, that the first hint was taken from the flight 
if die kite ; others firom the motion of fishes in ge- 
ml ; and others, from that of the nautilus, a curious 
idH-fiah, in particular; while a learned editor of 

aTs Gleorgics beheves, that an alder-tree, grown 
w with ace, and falling into the river on which 
't was planted (for this tree delights in a moist soil 
ind the banks of rivers) gave the first hint toward 
navigation : 

Tunc alnos primum fluvii senslre cavatas : 
Then first ihe rivers hollowed alders bore, 

Uid thus Dryden has poetically dehvercd Iiis senti- 
aents on the subject : 

By viewing Nature, Nature's handmaid. Art, 

Alakes mighty things from small beginnings grow : 

The fishes first to shipping did impart. 

Their tail the rudder, and their head the prow. 

Some log perhaps upon the waters swam. 
An useless drift, which rudely cut within. 

And hollowed first, a floating trough became. 
And cross some rivulet passage did begin. 

In shipping such as this, the Irish kern, 

And untaught Indians on the stream did glide: 

Ere sharp-keeled boats to stem the Hood did learn. 
Or fin-like oars did spread from either side. 

Add but a sail, and Saturn so appeared. 
When from lost empire he an exile went. 

And with the golden a^e to Tyber steered. 
Where coin and commerce first he did invent. 

Rade as their ships was navigation then 5 
No useful compass or meridian known ; 

Coastiiig, they kepi the land within their ken, 

And knew the north but when the polestar shone. 

Scripture refers the ori^ of so usefid an invcn- 
x>n to Grod himself, who gave the iirst specirAeu in 
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the ark built bv Noab : for die nullery whidi 
good patriarch underwent on account of his 
pnse, is a sufficient demonstration, that the 
mas then ignorant of any thing like navigation, 
that they even thought rt inip<JsMble. 

But whatever be the ot%in of this art, and 
ever nation may clum the honour of inventing it, M 
of having rendered it subservient to the noble »A 
vantages of commerce, it is certain, that, among al 
the nations of antiquity, the structure of tlieir vessel 
was extremely rude, and their method of worldn] 
them no leas defective. They were unacquaintet 
with some of the great principlea and operations 
navigation, which are now conadered as the fli 
elements on which that science is founded. Though 
tliat property of the magnet, by whicli it attracts iron 
was well known to the ancients, its most aniaziiij 
and important virtue of pointing to tlie pole» hw 
escaped their obwrvatton. Destitute of this f^thfiil 
^ guide, which now conducts the pilot with so much 
certainty in the unbounded ocean, during the dark- 
ness m the night, and when the heavens are ccn-ercd 
with clouds, the ancients had no other method of 
regulating their course, than by observing the sun 
and stars. Their navigation was, in course, uncer- 
tMn and timid. They durst seldom quit si^t a 
land, but crept along the coast, exposed to all tht 
dangers, and retarded by all the obstructions, 
avoidable in holding sticn an awkward course, 
incredible length oitime was requiate for peiform 
ing voyages, which are now flnislKd in a thart space 
Even in the mildest climates, and in seas the leas 
tempestuous, it was only during the summer mtmthi 
that the ancients venturetl out of their haifxiuri 
The remainder of the year was lost in in&ctivitr< 
It would have been deemed most inumsidcrate rasb 
ness to brave the fury of the winds and waves 
the winter. 




On the Art of 'Navigation. 

; wlm have written more diffusively upon 
Ribject, have takfn a survey of the progress of 
ry and navigation ^nong die ancients ; be- 
; with the Egyptians, and proceeding suc- 
ely with the Phenicians, Jews, Carthaginians, 
^IcR, and Romans. From this survey, wliith 
iv be traced from the earliest dawn of historical 
■lowlcdpe to the full establishment of the Roman 
■ iiipire, the progress of the ancients appears to iiave 
been wonderfully slow. Jt seems neitner adequate 
to what we nuglit have exiwcted from the a(;ti\'ity 
and enterprise of the human mind, nor to what might 
have been performed by the powers of the great 
empires, that suceessavely governed the world. If 
ire reject acrountn that are fabulous and obscure; 
if we adhere steadily to the light and information of 
-iithentic history, without siibstituting in its place 
i: conjectures of fantry, or the dreams of etymolo- 
,i^.U, we must conclude, that the knowledge which 
liie ancients had acquired of the habitable globe was 
Ktreraely confined- This would sufficiently appeal- 
from a review of such parts of the world as they had 
never explored. But there is a yet more decisive 
proof of this, in an opinion which universally pre- 
v^ed among them, that the earth was divid«l into 
five redone, which they distinguislied by the naine 
uf Kones. Two of these, the nearest to tlie poles. 
ihey termed frigid zones; and they believed that 
the extreme fcold which reigned peroctually liiere, 
rendered them uninhabitable. Another, se.ited un- 
der the line, and extending on either ade toward the 
trojncs, they called the torrid zone ; and they ima- 
gnied it to be so burnt up with unremitting heat, as 
to be equally destitute of inhabitants. On the other 
two zones, which occupied the reminder of the 
earth, they bestowed the appellation of temperate ; 
■id Uiey taught that thes?, neing the only regions 
hich life could subsist, were allotted to man for 
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his habitation. This wild opinion was not a couoat- 
of tlie uninibrraed v ulgai', or a fanciful ticlion of ttn ■ 
poets, but a systtni adopted by tlie most enlightened 
philosophers, the most accurate histoniuiE and ga> 
graphers, in Greece and Kome. Accoribng to thia 
theory, a vast portion of the habitable globe was piw- 
nounced to be un£t for sustaining the human speciot 
Those fertile and populous r*^ons within the trawl 
zone, which are now known not only to yield thw 
own inhabitants tlie neccsRaries and comforts of life, 
with most luxuriant profiiston, but tu communiette' 
their superfluous stores to tlie rest of the worid, 
were supposed to be the seat of perpetual stetiliNr 
snd desolation. As all the parts of the globe wluoti^ 
the ancients had discovered lay within the northern 
temperate zone, their opinion that the othCT tem- 
perate zone was inhabite<l was founded not cm dis- 
covery, but on reasoning and conjecture. They 
,cven (wlieved thcit, by the insuffei'ablB beet of tM 
torrid zone, such an insuperable barrier was placed 
between the two temperate zones, as would prevent 
'for ever any intercourse betwuen them. 

Nevertheless, the discoveries of the Greeks and 
-fiomans were still very considerable, when com- 
pared to those of rcmotei- times ; and. in the second 
century of the christian era, geography, enriched by 
new observations, made a very consjiicuous figure, 
under the auspices of Ptolemy the plulosophcr, TiiB 
discoveries, subsequent to tncse tunes, would lead 
■me into a field of discus^on too extensive for tlus 
number; which I bhull conclude, therefore, wUb 
.some very ingenious and interesting reflectioiis on 
the present wonderful periection of navigation, &om 
Dr, lleinhold Foster's Historv of the Voyages and 
Discoveries made in the Nortli, translated from the 
German. 

' Of ttB the arts and professions which have at any 
time attracted my notice, none has ever appeared to 
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be mare astonishing and marvellous than that of na- 
TigBtbn, in the state in which it is at present; an 
■t whidi doubtless affords one of the most certain 
inefinigahle proofs of the amazing powers of the 
knoan understanding. This cannot oe made more 
evident than when, taking a retrospective view of 
Ae tottering, inartificial craft to which navigation 
owes its origin, we compare it to a noble and ma- 
jadc edifice, containing 1000 men, toother with 
dior provisions, drink, furniture, weanng-apparel, 
and other necessaries for many months, oeside 
100 pieces of heavy ordnance ; and bearing all this 
vast apparatus safely, and as it were on the wings of 
the wmd, across immense seas to the most distant 
shores. The following example may serve for the 
present to delineate at full length, as it were, the 
idea above alluded to. But first I must premise 
that a huge, unwieldy log of wood, with tlic great- 
est difliciuty, and in the most uncouth manner, hol- 
lowed out m the inside, and somewhat pointed at 
both ends, and in this guise set on a river for the 
purpose of tran«)orting two or three persons belong- 
uig to one and the same family across a piece of wa- 
ter a few feet deep, by the assistance of a pole pushed 
against the ground, cannot with any propriety be 
considered as the image of navigation in its first and 
earliest stage. For it seems evident to me, that 
people in the b^pnning only took three or four 
trunks of trees, and fastenea them together, and 
then, by means of this kind of raft, got across sucli 
waters as were too deep for Uiem to ford over, 
and across which they could not well swim with 
their children, and various kinds of goods which 
they might wish to preserve from being wet. The 
canoe, however, is a specimen of tlie art in a more 
advanced state, as this kind of craft is capable of 
having direction given to it, and even of so capital 
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Sn impruvemcDt as that of havin? a sail added to k, 
For this reasun J choose ihts vehicle for a stondai ' 
in preference to a mere rat't, to which, imperfect 
it is, il is Ml nmcli su^ierior. Let us, thciit COi 
pare ihiR with a lorj^ majeiitic Soaiiiig cdiHce, 
result ol' the ingenuity ana united labour of many* 
hundreds of hands, and composed of a great numtw" 
of well-proportioned pieces, nicely fastened together 
by mcaiis of iron muls and bolts ; and rendered so 
tigjit with tow and pitch, that no water can pene- 
trate into it. Now, in order to ^ve motion and ' 
direction to this enormous machine, some astonish- 
ingly lofty pieces of timber have been fixed up* 
right in it, and so many moveable croEs pieces ' 
have Ixitn added to it, leather widi such a variety 
of pieces of strong linen cloth, for the purpose 
of catchins the wind, and of receiving its impulse 
and propelling power, that the number of them ' 
amounts to upward of thirty. For changing the di- ■< 
rectiou of these yards and s^s, aceording lo parti- 
cular circumstaces, it has been also requisite to 
add a vast quantity of cordage and tackling ; and, 
nevertheletis, even all this would not be sufficient 
for the perfect direction and government of the vea- ^ 
sel, if there were not fastened to the hinder part ^ 
of it, by means of hinges and hooks, a moreaUe- ^ 
pece ot woo<l, very small indeed in [Hvportion tO" "I 
^e whole uiaehine, but the least inclination of *^ 
which to either side is sufficient to give immediately 4 
a different direction to this enormous large msas,- ^ 
and that even in a storm, so that two men may di- H 
rect and govei-n this swimming island with the saxnei • 
or with greater ease than a angle man can do aboat. *4 
But if, besides, we consider that, in a vessel like 
this, not a ^ngle piece is put in at random, but 
that every part of it has its detcnnined measure and ' 
proportion, and is fixed preciw.*]y in tliat place which * 
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t advantageous for it ; that, tliroiiehout 

f pan of it, there is distributed an astonii^iiig 

ility of blocks, stays, and puUoy^, for the purpose 

'-luudiii^ the fnctioR, and of accelerating t)ie 

i oi' th^ parts ; that even the beU\-iug and 

1 part of the fabric, together with its sharp 

BtiOD underneath, are proportioned according 

t nicest calculations, am the inost accurately 

iokied rules ; that tlie length and the tliickness 

e masts, the si?* of the booms and yards, the 

Ifiiffth, width, and strength of the kuIs and tackling, 

L Jl in due proportion to one another, accordinjj to 

' tiiin rules founded upon tlic principles of motion : 

'LL« we consider all this, I say, our admiration in- 

a>ts more and more at this great masterpiece of 

; Dan power ami understanding. Still, however, 

Lie are wanting a few traits to complete this de- 

nptiua. A man in health consumes, in tlie space 

1 ivejity-finir houri:, about eight pounds of victuals 

A drink : consequently, SOOOih, of jirovisions are 

]jLred daily in such a ship. Now let us suppose 

< to be iitted out tor three months only, and wc 

ill fiiui that she nmst be laden with 720,00011i. 

i }>rovijiotis. A large (brty-two pounder wei^s 

!-uul 61001b. if made of brass, and about SSOfflb. 

ol" iron ; and generally there arc twenty-right or 

1 i.rljf of diese on board a ship of 100 guns, the 

MoffO. of which, exclusive of that of their carria^, 

I anaunta to 183,0001b. On the second deck thirty 

I twenty-four pounders, each of which weighs about 

SlOiHb. and thereliire all together, 153,0001b. and 

'iL'weight of the twenty-six or twenty-eight twelve- 

itinders on the lower deck amounts to about 

, "j,4O0lb. that of the fourteen six-pounders on the 

'.iper deck to about S6,6001b. and beside that, on 

>i- round tape, there are even three-pounders and 

iveis. Now, if to thw we add, that the complete 

•iaige of a fwty-two pounder wraghs about o4lb< 
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and tliat at leasl upwRrd of 100 charges are 
tor each gun, we snoU find tliis to amount near)]' 
the same weight as the guns themselves. In m 
tion to this, we must reflect, that every sbip m 
have, by way of providing against cxigenaeSt 
least anotlier set oi sails, eiihlefi, cordage, and (a 
lings, which altogether aniouiil to a conoderd 
tveiglit. The atorea, hkewise, uonsisting of pUmh 
pitch, and tow ; the i^ests belonging to tlie offi 
and sailors; iJie surgeon's stores, and various oi 
articles requisite on a Jong vmage ; as also the a 
arms, bayoneU, swords, ana pistols, ore no in 
^derable load ; to which we must finally add 
weight of the crew, which is not very trifling; 
thai onc'of tliese large ships carries at least 2163i 
burden, or 4,324,0001b. and at the same timft 
steered and governed with as nmch ease as the 
est boat. Now, the consideratiim of these a 
stances alone is suiliaent to excite the most i 
reflcctionB in a contemplative roind ; and yet, if sui 
a ship sailed along the coast only, and never k 
Mght of the shore, as the navigators of old used 
do, we might still be templed to look upon navig 
tion as an easy and trifling business. But the 6m 
ing the stra^ntest and shortest way over an ocean 
more than 60 or 80 degrees in longitude, and ' 
or 40 in latitude ; or across a track from 4000 
6000 miles in extent, by day or by night, in & 
weather or in fqul, as well when the sky is oi 
as when it is clear, and often ■with no other 
than the compass, and the being able to detennii 
tlie true poabon of tlie ship at sea by the heif ' ' 
the sun, though this latter be en^eioped in cl 
or to direct its course by tlie moon and stars wil 
such exactness and preasion as not to make a mi 
take of the value of half a degree or 30 miles ; tl 
at least sliows the progress ancl greiit perlection of , 
art practised by a set of people, of whi 
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mgs many conceited and supercilious landmen have 
but a mean opnion, and whose plain and simple 
manners they frequently take the hberty of turning 
into ridicule. 

^ A violent storm of wind will make us tremble 
mth fear, even in a strong well-built housc^ and in 
the midst of a populous city ; yet we have seldom, 
« never ^ther seen or experienced the vast power of 
the enraged waves, when beat about by the winds, 
and dashed against each other till they seem trans- 
ftnned into nroth and vapour, and the whole sur- 
&oe of the ocean presents to the eye a confused 
floenc of immense watery mountains and bottomless 
precipices; and yet on such a sea as diis the true 
aetman, provided he has but a good sliip, rides with 
calm ana unshaken courage, and thinks himself as 
safe in the midst of the ocean as in the best fortified 
castle.^ 
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ON THE NATURE OF TUE TIDES. 

Alternate tides in sacred order run. blackmore. 

The ebbs of tides, and their mysterious flow^ 

We« as arL*s elements shall understand. dry den. 

THE tides of the sea have ever been considered 
among the most wonderful phenomena in nature. 
The conjectures of the most ancient philosophers 
concerning them were equally various, visionary, 
and wild. Some of them considered the tides as 
ebullitions occasioned by subterraneous fires, or as 
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tlie effects of winds and exhalations, or as the a 
sequence of a rarefaction produced by the beotni 
the moon, or as proceeding liom the interruptioi 
the seas by the t-ontinents. It appears, howe^ 
tliat Pliny, Ptolemy, and Macrobius, were not 
acquainted with the influence of the sun and ml 
upon tile tides ; and Pliny says expressly, that 
cause of the ebb and flow is in the sun, which 
tracts the waters of the ocean ; and he adds, that 
waters rise in proportion to the proximity of 
moon to the earth. 

But the modems have discovered, that all 
phenomena of the tides are to be accounted 
from tlie principle of gravitation. All that is re 
site to their solution is, that the earth and monn, 
everj particle of them, mutually gravitate towi 
each other. Indeed, the sagacious Kepler, long 1 
conjectured this to be the cause of the tides : 
(says he) the earth ceased to attract its watfTa 
warn itself, all the water in the ocean would rise 
flow into the moon : the sphere of the moon's att 
tion extends to our earth, and draws up the wa 
This, at that time, was mere conjecture; fm 
Isaac Newton was ihe first who clearly pointed 
the cause of this phenomenon. 

The waters of the ocean are observed to flow, 
certain hours, from the south toward the north 
which motion or flux, which lasts about six ho 
the sea gradually swells; so tliat entering the mot 
of rivers, it drives back the river waters toward t 
heads. After a continual flux of six hours, the 
seems to rest for a quarter of an hour : it then be 
to ebb or retire bacK again, from north to south 
dx hours more ; in which time the waters anh 
the rivers resume their natural course. After a 
ing pause of a quarter of an hour, the 
^s to flow as before; and thus it has 
risen and fallen twice a dav, since the creatioiL 
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I ha%'e observed that in the time of Pliny, the 
ddes were kno^Ti to be under the influence of the 
■in, in a small degree ; but in a much greater, of 
die moon. It was found, that there was a flux, and 
leflux of the sea, in the space of twelve hours and 
farty-^;ht minutes, which is exactly the time of a 
hmar day. It was ob$er\e(l, tliat wlienever the 
moon was in the meridian, or, in other words, as 
nevly as possible over any part of the sea, that the 
aea flbwea to that part, and made a tide there. On 
the contrar\' it was found, tliat when the moon left 
the meridian, the sea began to flow back to its 
fivmer atuation, and there might be said to ebb. 
Tbus fiu* the watera of the sea seemed very regularly 
to attend the motions of the moon. But it appearea, 
likewise, that when the moon was in tlic oppoate 
meridian, as far off as on the other side of the globe, 
there was a tide on this side also ; so tliat the moon 
produced two tides, one by her greatest approach to, 
ind another by her o-catest distance from us : in 
other words, the moon, in once gcnng round the earth, 
produced two tides alwa^'s at the same time ; one on 
the part of the globe directly under her ; and the 
other on the part of the globe directly opposite. 

Mankind continued for several ages content with 
Imowixig the general cause of tlicsc wonders, hope- 
lesB of discovering the particular manner of the 
moon^s operation; till, as I before observed, Kepler 
Srst conjectured, and Newton demonstrated, that 
tftiaction was the principal cause. 

The moon has been found, like all the rest of the 
danets^ to attract, and be attracted by the earth. 
uis attraction prevails throughout our whole pla- 
netary system. The more matter there is contiined 
m. any body the more it attracts ; and its influence 
decr^sesin proportion as the distance, when scjuaroiU 
inoeases. This being premised, we must mqinro 
what will follow, suppoang the moon in tlic men- 
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flian of any tract of the sea. The surface * 
water immedjatcly under the moon, is ncaK 
moon, than any other portion of the globe is 
therefore must be more subject to its attrac-tior 
the waters any where else. The walcis will, 
fore, be attracted by tlie mooii, and rise in a 
whose eminence will be the hiehest where thes 
tion is greatest. In order to form this eminei 
is obvious, that the suri'acc, as well as the d 
will be agitated ; and that wherever the watei 
from one jwrt, succeeding waters must run 
up the space it has loft. Thus the waters ( 
sea, running from all parts, to attend the nioti 
the moon, produce the motions of the tide ; an 
high tide at that part where\'er the moon tome 
it, or to its meridian. 

But when the moon travels onward, and txa 
point over the place where tlie waters were just 
the cause here of their rising ceaang to operate 
will flow back by their natural gravity, int 
lower parts from which they had travellM ; an 
retiring of the waters will form tlie ebbing t 

Thus tlie first part of the demonstration is 
ous ; since, in general, it requires no great asj 
to conceive, that tlie waters nearest Oie tooo 
most attracted, or r^sed highest by the moon, 
the other part of the demonstration, namely, 
there come to be high tides at the same time, i 
opposite side of tijo globe, arid where the wafce 
mrthest from the moon, is not so easy to cot 
To comprehend this, it must be observed, th 
parts of the earth, and its waters, that 6n ft 
from the moon, are the parts of all others th 
least attracted by the moon : it must also be d 
ed, tliat all the waters, when the moon is o 
opposite side of the earth, must I>e attracted b 
the same direction that the earth itself attllttte 
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that is, as it were, quite through the. body of the 
earth, toward the moon itselL This, therefore, 
facing cxmceived, it is plain, that those waters which 
are farthest frcnn the moon wUl have less weight, 
or gravity toward the centre, than those of any other 
part cm the same side of the globe ; because the 
BKNm'*s attraction (which conspires with that of the 
earth, but which decreases m proportion as the 
squares of the distances increase) is there least. The 
waters, therefore, that are fartnest from the moon, 
liaving less gravity, and being Ughtest, will be 
pressed on all sides by those that, having more of 
the moon^s attraction, are heavier: they will be 
pressed, I say, on all sides ; and the heSeVier waters 
sowing in, will make them swell and rise in an emi- 
nence directly opposite to that on the other side of 
the globe, caused by the more immediate influence 
of the moon^ 

In this manner, the moon, in one diurnal revo- 
lution, produces two tides; the one raised imme- 
diately under the sphere of its influence, and the 
odier directly opposite to it. As tlie moon travels, 
this vast body of waters rears upward, as if to watch 
its motions ; and pursues the same constant rotation. 
However, in this great work of raising the tides, 
the sun has no small share: it produces its own 
tides, constantly every day, just as the moon does,- 
but in a much less degree, because the sun is at. an 
immensely greater distance. Thus there are solar 
tides and lunar tides. When the forces of these two 
great luminaries concur,, which they always do, 
when they are in either the same, or in opposite parts 
of the heavens, they jointly produce a much greater 
tide, than when they are so situate in the heavens, 
as each to make peculiar tides of its own. To 
express the very same thing technically ; in the con- 

' Sec this, and what follows, illustrated clearly by a refer- 
to a plate in Boanycastlc's Astronomy. 
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junctions and oppos'itionB of t)ie sun and moon, tl 
attraction of the sun conspires with the attraction 
the moon ; by which means the high spring tides a 
formed. But in tlie quadratures o( the sun an 
moon, the water raised by the one is depressed 1 
the other ; and hence the lower neap tides nave tht 
production. In a word, the tides are greatest inti 
syzigies, and least in the quadratures. 

'Itiis theory, well understood, and the astrona 
mica) terms previously known, it may be readil 
brought to expltun the various appearances of 
tides, if the earth were covered with a deep see, . 
the waters uninfluenced by shoals, currents, 
or tempests. But in every part of' the sea, near i 
ohores, the geographer must come in to correct t 
calculations of the nstronomer. For, on account 
the shallowness of some places, and the narrowni 
of the straits in i>tliers, there arises a great diversit 
in the cfR>ct, not to be accounted for without 
exact knowledge of ^e place. In tlie great depthi 
the ocean, for instance, a very slow and impercept 
ble motion of the whole body of water will suffice 
raise its surface several feet high ; hut, if the eai 
increase of water is to be conveyed through a nar 
channel, it must rush through it with the most 
petuous ra^ndity. Thus, in the English channi 
and the German ocean, the tide is found to flc 
strongest in those places that are narrowest ; the sar 
quantity of water being, in this ca.se, driven throu{ 
a smaller passage, It is often seen, therefore, rus 
ing through a strait with great force ; and by il 
rapidity, conaderabjy raised above that part of til 
ocean through which it runs. 

The shallowness and narrowness of many parts <] 
the sea give rise also to a peculiarity in the tides 
Bome parts of the world : for, in many places, in o 
own seas in particular, the greatest swell of the tid 
is not while the moon is in its meridian height, '" 
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^cS"ectly over the place, but some time after it has 
(lecUned tlience. The sea, in this case, being ob- 
structed, pursues the moon with what dis^iatch it can, 
'lut does not arrive with all its waters, till after the 
K.wa has ceased to operate. Lastly, troiu this shal-. 
■ iM'ness of the sea, and from its beiM obstructed by 
Kixds and straits, we may account for the Mcditer- 
ineiui, the Baltic, and the Black Sea, having no 
visible tides. Tlicse, although to us tbey seem 
cry extensive, are not, however, large enough to 
'■•^ afiectcd by tlie influence of the moon ; and, as to 
■.■leir communicatioD with the ocean through such 
iiirrow inlets, it is impoRdble, that in a few hours 
iliey should receive and return water enough to raise 
""Ipepress them in any considerable degree. 

D general we may observe, that all tides are much 
' er, and more considerable in the torrid zone, 
' a the rest of the ocean ; the sea in those parts 
eii^ generally deeper, and less affected by variable 
ia£, or winding snores. One of the greatest tides 
e intyw of is that at the mouth of the nver Indus, 
wbere the water rises thirty feet in height. How 
great, therefore, must have been the amazement of 
AIexander''B soldiers at such a strange appearance. 
liiey who had been always accustomed before to 
ihe scarcely perceptible risings of the Mediterranean, 
or the minute intumescence of tlic Black Sea, when 
made at once spectators of a river rising and falling 
thirty feet in a few hours, must, no doilbt, have felt 
ihe most extreme awe, and, as we are told by Quintus 
Curtius, a mixture of cio-iosity and apprehension. 
Tlie tides are also remarkably high on the coasts of 
Malay, in the straits of Sunda, in the Red Sea, at 
the mouth of the river St. Lawrence, along the coasts 
of China and Japan, at Panama, and in the gulf of 
Bengal. The tides at Batsha in the kingdom of 
Tonquin, which hcs in 20° 50' north latitude, are, 
however, tlic most remarkable in the world, In thU 
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port there is but one tide and one ebb in twenty-fo 
hours; whereas, as before observed, in all ott 
places there are two. Besides, there, twice in ea 
month there is no tide at oU, when the moon b near 
the equinoctial, the water being for some time quite 
stagnant. Tliese, with some olner odd appearanixai 
were considered by many as inscrutable; but Sa 
Isaac Newton, with peculiar sagaaty, adjudged them 
to arise from llie concurrence of two tides, one from 
the South Sea, and tlie other from the Indian Ocean. 
Of each of these tides there come successively two 
every day; two at one time greater, and two at 
another that are less. The time between the arrival 
of the two greater b conadered by him as high lide ; 
the time between the two less, as ebb. In sliort, with 
this alone, that great matliematician solved every ap- 
pearance, and so established his theory as to silence 
every opposci-. 

Such IS tlie nature and such the various pheno- 
mena of the tides; a subject which 1 cannot conclude 
without suggesting how much we are bound to adore 
lite benevolent Creator, not only in the goodness 
which he manifests in the ton-aqueous globe, bat in* 
his astonishing world of waters, 'fhe watei-g of tlie! 
sea, it has been observed by philosophers, are kept 
sweet by their motion, without which they would' 
soon putrefy, and spread universal infection. If we' 
look, therefore, for final causes, a great and' obvious^ 
one is apparent in the lades. Had the sea lieen made' 
vritliout motion, and resembling a pool of stagnant' 
water, tlie nobler races of animated nature wouldj 
shortly have been at on end. Nothing would then 
be left alivo but swarms of ill formed creatures, with 
scarce more than vegetable life, and subsisting hy"' 
putrefaction. Were this extensive bed of waters? 
entirely quiescent, millions of the smaUer reptilej 
Idnds would there find a proper retreat in whicti to. 
breed and multiply. They would find there no agi- 
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talion, no concussion in the parts of the fluid to crush 

their feeble frames, or to force them from the places 

m which they were bred ; there they, would mmtiply 

m security and ease, enjoy a short ufe, and putrefy- 

\a^ thus again give life to numberless others, as 

ttde worthy of existence as themselves. But the 

motion of this great element effectually destroys the 

vmnber of these viler creatures : its^ currents and its 

tdes produce continual agitation, the shock of which 

&ey are not able to endure ; the parts of the fluid 

mb against each other, destroy all viscidities ; and, 

i I may so express myself, the ocean acquires health 

by exercise. 
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0:11 VARIOUS PHENOMENA OF THE OCEAN. 

With wonder mark the moving wilderness of waves. 
From pole to pole through boundless space diffused. 
Munificently dreadful ! where, at large. 
Leviathan, with each inferior name 
Of sea-bom kinds, ten thousand thousand tribes. 
Finds endless range for pasture and for sport. 

Adoring own 
The Hand Almighty, who its channelled bed 
Immeasurable sunk, and poured abroad. 
Fenced with eternal mounds, the fluid sphere ; 
With every wind to waft large commerce on. 
Join pole to pole, consociate severed worlds. 
And fink in oonds of intercourse and love 
Earth's universal family. mallet. 

IP we look upon a map of the world, we shadl 
find that the ocean occupies a con^derably greater 
surface of the globe than the land is found to do. 

i5 
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This immeiiBe body of waters is diffiiscd round bolb 
th« old and new continent to the xouth, and m^ 
Hurround them also to the north, for what we know; 
but tlie ice in those latter regions has stopped out 
' biqiiiiies. Although the ocean, proper]^ speaking, 
is but one extensive dieet of water, continued mtf 
every part of the globe, without interruptjon, and 
although no part of tt is divided from tlie rest, yet 
geographers have distinguished it by different names; 
as Uie Atlantic or Western Ocean, the NortJieni, 
Southern, Pacific, Indian, and German Oceans. 

la diis vast receptacle, almost all the rivera of thff 
earth ultimately terminate. And yet these vast anT 
inexhaustible supplies do not seem to increase il 
stores; for it is neither apparently swelled by thai 
tribute, nor diminished by their fmlure : it continuei 
constantly the same'. Indeed, the quantity of wate 
of all the rivers and lakes in the world is nothing 

■ Not only does the guenlily of water in the ocean rci 
wnatantl; ihe same, but, noiwilhslandiiiE iu mosl vialenl 
incnwnt motion, it continues stable wiihin certain IJi 
This, however, is what cannot be inferred finm obiervalioa 
For, although in the almost infinite varieiy of diUuTbaiKes i 
which the ocean ii liable, from the action ofirr^ularcaiue 
il may appeal to return to its former stale of equilibrium ; y 
we may ueverlheless apprehend that some eTitraordinary can 
may commuuicaie to it a shock, which, ibougti inconatde 
able at ils origin, may augmenl coniinaally, and ele*ttt: 
above the highest iriouDiaiaa. It Is, ihcrcfore, intereitina ' 
itivetligate the conditionj which are necesEary for the absom 
aubillty of the ocean. The celebiaird La|ilace hat ef ~ 
this ; he hai demonstraled that the equilibrium of tfajc 
t»usl be stable if its density be ttii than the mean density ( 
the earth ; and that is known to be the case. He bailik^ 
wise determined, by meaos of his reRned analysia, thai tU 
■lability would ceusc to e;iisi, if the laean density of ibesa 
excetded thai of the earth : so thai the stability of the tqvA 
librium of the ocean, and the excess of ihc density of the tc 
restrial globe above that of the vtalers which cover il, ai 
teci procai I y connected with each other; and indicate wisdoi 
~idcgiiiii*aDce in such a mutual adjattmenti 
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compared to that conbuaed in this prodigious reser- 
voir. And some natural philosophers have carried 
iheir ideas oil this subject so far, as to assert, in con- 
sequence of certain calculations, that, if the bed of 
the sea were empty, all the rivers of the world flow- 
ing into it witli a continuance of their present stores, 
would take up at least 800 years to lill it again to 
iu present height. 

Thus great is the assemblage of waters diffused 
nxmd our habitable globe ; and yet, immeasurable 
u it seems, it is rendered subservient principally to 
lie necessities and conveniencies of so little a bong 
Mman. Some have perceived so mucli analogy to 
tnan in the formation of the ocean, that tJiey nave 
not bealated to assert it was made for him alone. 
ITiis has been denied by others ; and a variety of 
amiments have been adduced on both sides, in which 
J So tvot tliink it necessary to enter here : fur, of this 
ve are certain, that the great Creator has endowed 
iig with abilities to turn this great extent of waters 
to our own advantage. He has made these things, 
perhaps, for other uses ; but he has given us facul- 
ilea to convert them to our own. This much agitated 
itut'stion, thercibre, seems to terminate here : we 
^liall never kaow whether the things of this world 
were made for our use; but wc very well know that 
we were made to enjoy them. Let us then boldLy 
afiirm, that the earth and all its wonders arc ours; 
snce we are furnished iiith powers to force them 
into our service. Man is die lord of tlie whole sub- 
lunary creation; the howling savage, tiie winding 
serpent, with all the untanieable and rebellious olir 
sprmg of nature, are destroyed in tJie contest, OX 
driven at a distance Irom his habitations. The &Xn 
tensive and tempestuous ocean, instead of dividing 
or limiting his power, only serves to assist hia mr- 
dustry, and enlarge the sphere of his eujoymente. 
Its billows, and its monsters, instead of presenting a 
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Bfeene of terror, serve only to excite and rnvHi^ 
WnB courage of this intrepid little being ; and the 
greatest ams^r that man now fears from the deep^ 
IS from his rellow-creatures. Indeed, if we con»der 
the human race as nature has formed them, very 
httle of the habitable globe seems to be made fiff 
them. But when they are considered as accumii- 
tating the wisdom of ages, in commanding the eartb, 
there is nothing so great, nor so terrible. What a 
poor contemptible being is the naked savage, stand- 
ing on tlie beach of the ocean, and trembling at its 
tamidtB ! How incapable is he of converting its ter- 
rors into benefits ; or of sajing. Behold an element 
made solely for my enjoyment .' — He considers it as 
itD angiy aeity, and pays it the homage of sulraiis- 
sioD. But it iH very different when he nas exerdsed 
tus mental powers ; when he has learned to find his 
own superiority, and to make it subservient to his 
commands. It is then that his dignity bemns to 
appear, and that the True Deity is adored, far hav- 
ing been mindful of man ; for having given him the 
earth for his habitation, and the sea for his inherit- 
ance. 

Of the various phenomena of the sea, one of the 
most obvious is its saltness. Few questions conceTit> 
ing the natural history of our globe, have been dis- 
cussed with more attention, or decided with less 
satisfaction, than that concerning the primary cause 
of it, which bad perplexed the philosophers before 
the time of Aristotle, and surpassed even the great 
cenius of that philosopher. Father Kircher, after 
L Baving consulted three and thirty authors upon the 
I'fllbject, could not help remarking, that the fluctua- 
I tions of the ocean itself were scarcely more various 
Aan the opinions concerning tJie origin of its saline 
impregnation. 

he question does not seem capable of odmitUug 
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an illustration from experiment ; at least, no experi- 
ments have been hitherto made for that purpose; 
and,' therefore, we may be the less surprised at its 
remaining nearly as problematical in the present 
age, as it has been in any preceding. Had any ob- 
servations been made tnree or four centuries ago, 
ascertaining the then saltness of the sea, at any par- 
ticular time and place, we might now, by making 
sin^ilar observations at the same place, in the same 
season, have been able to know, whether the salt- 
ness, at that particular place, was an increasing, or 
a decreasing, or an invariable quantity. This kind 
and degree of knowledge would have served as a clue 
to direct us to a full investigation of this matter in 

Sneral. But it is to be regretted tliat, till very 
jely, no such obser^'ations have been made with any 
d^ree of precision. 

One of the principal opinions on this subject main- 
tamed by moilem philosophers, and supported, in 
particular, by Dr. Halley, is, that since river water, 
m almost every part of the globe, is impregnated, in 
a greater or less degree, by sea salt, the sea must 
have gradually acqmred its present quantity of salt 
from the long continued influx of rivers. The water 
which is carried into the sea by the rivers, is again 
separated from it by evaporation, and being dispersed 
over the atmosphere by winds, it soon descends in 
rain or vapour upon the surface of the earth ; from 
which it hastens to pour into the bosom of the ocean 
the fresh tribute of salt which it has collected in its 
inland progress. Thus the salt conveyed into the sea 
not being a volatile substance, nor performing an in- 
cessant circulation, Uke the water which carries it 
thither, must be a perpetually increasing quar*'*^ •- 
and time enough, it is contended, has elapse 
the creation, for the sea to acquire from tni 
its present quantity of salt. 
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Other philosophers ', observing that large beds of 
foasUe salt ure oot unfrequent id any quarter cd* the 
globe ; and cmicciving, with great probabill^, tbe 
bottom of the sea to be analogous in its fonnation ta 
the surface of the earth, have undertaken to derive 
its saltness from the beds of rock salt, which they 
suppose to be situate at its bottom ; and thej are 
further of opinion, that without such a permanent 
saline prindple, the sea would long since have !»■ 
come insipid, from the fresh water poured into it 
from an infinity of rivers. 

With respect to the tirst of these opinioOE, Dr. 
Watflon, bishop of Llandaff, enters mlo a verj 
ingenious disquisition, to sliow, diat the cause as- 
signed by it fur the saltness of the sea is not ade- I 
quate to its effect ; and. as to the second opinion, he I 
observes, how strange it is, that what, according to 
the first hypothesis, is thought sufficient to account 
ti)r the saltness of the sea, should, in this, be esteemed 
instrumental in annihilating the saltness already su^ 
posed to exist. Agfunst this last opinion, moreoverfjj 
ne urges an objection of some weight ; namely, wlrM 
the waters of the ocean are not perfectly saturateiS 
with salt, if, ever since tha creation, they have beeq 
exerting their powers upon such permanent masG^ 
of ruck salt as are thought to oe situate at itit 
bottom? 

Boyle unites, as it were, the two preceding hy- 
potheses, and takes the saltness of the sea to be sup> 
plied, not only from rocks and other masses of Ga% 
which at the bediming were, or in some countries 
nu^ yet be found, either at the bottom of the s^ 
or at tlie sides, where the water can reach themt 
but also IJruni the salt which the rivers, rains, ana 
utlicr waters dissolve, in their [lassage through divert 

' Abtn. (It I' Acid, del ScicncH dc Beiliii> Ann. n&y. 






Bpb Lvui. On Phenomena of the Ocean. 

parts of the earth, and at length carry with 
mlo the sea. 

This opiiuon, bishop Watson nether condemns 
nor adopts; but he ofeervcs, that Buffon, and the 
generality of philosophers, acquiesce in it. He adds, 
that we are inquiring into the cause of a phenome- 
nnn, which, it may be said, had no secondary cause 
M all. ' For it is taken for granted (he continues) 
ill this disquisition, that the water wliich covered the 
:,'lobe in its chaotic state, was not impregnated witli 
^.'^it as at present, but quite fresh : now this is an 
apinion concerning a matter of fact, which can never 
n proved either way ; and surely we extend our 

1 ifK^ls^ns very far, when we attempt to explain 
ihenomeatai, primeval to, or coeval with, the 

ion of the earth. 
t Bemardine Gomesins, aliout 200 years ago, 
I an ingenious treatise upon salt: in this 

I tKfttiset afW recidng and refuting the opinions of 
Enrpedocles, Anaxasoras, and Anstotle, upon the 
wbject In question, lie proposes his own ; wherein 
he naintdnB, that the sea was originally created in 
the same state in which we at present find it, and 
impregnated, from the very first, with the salt which 
it contains. Though this hypothesis may be consi- 
dered by some, rather as a cutting than an untying; 
of the Knot, yet it has been embraced by philoso- 
[diers of great eminence'; and it must be owned, 
lint it may be applied to tlie solution of some phe- 
namena with peculiar propriety. Naturalists assure 
lu, that, though some few species of fishes thrive in 
frah^water, and some others live alternately in fresh 
mto" and salt, yet by far the greatest number can- 
not exiirt out of the sea: now, whether we suppose 



' Whj ahould we aitempt to assign a c^iuse for the lallneia 
of the sea, when we never pcffilex ourselves wilh an'OOalO" 
goat iiKtuir^ rclalive to [he grtenneii of gran i 
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tlio sea to have become salt Ironi Uie influx of rivei^j 
or from the ffradun! solution of beds of rock salt, i 
from the combined influence of both thcac causes, 
must for some years have remdned so exceedin^y^ 
fresh, that it will not be an easy matter to account 
for the continuation of the existence of tlie numhai^ 
less species of fishes, which cannot live in fresh 
This difficulty is not removed by supposing HiAi 
fishes do not imbibe any part of the sea's salt! 
with their food, and attributing the efficacy of 
water in preserving hfe, to tlie superior weight y 
which it compresses the organs of respiration ; for' 
this superior weight is as much an effect of the salti 
dissolved in it, as the saUne taste itself. The salt-' 
ness of the Caspian Sea, of the lakes of Mexico and 
Titicaca, and of other large collections of waters, 
which have no effluent rivers, nor visible commum- 
cation witli the sea, maybe as successfully explained 
upon this hypotlieas, tjiat the sea n'as at the ireatioH 
imprrguatea tcilk salt, a£ upon either of the prft* 
ceding. 

' Beside the opinions of the causes of the saline 
impregnation of the sea, which have been mentioned,* 
there is another, whicii fiiture ages will, probably, 
see less questionable to adopt than we do : I mean' 
that which maintains, that sea.^t ts constantly and 
abundantly generated, both on the surface of th©' 
earth, and in the Irasom of the ocean. 

' But how ineffectual soever our attempts may 
to explain the cause of the saltness of the sea ; yet' 
one might have hoped, that in this age of phiIo90-< 
phy and curious navigation, the d^ee of its saltness' 
m every latitude, and every season of the year, would 
have been ascertained by ^curate experiments. The 
acquiring knowledge by experiments is a slow and 
laborious method; but it is, at the same time, a 
method within our reach : while the theoretical in- 
sugua^naa of the proximate cause of any natural < 
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often surpasses, and that of its ultimate 
cause always surpasses the apprehension of the hu- 
man intellect^ 

The saltness of those great collections of waters, 
that have no effluent rivers, nor visible communica- 
tion with the sea, has been mentioned in the pre- 
oediiig (j^uotation. But there are other lakes, tlux>ugh 
which nvers run into the sea ; and these, how ex- 
tensive soever, are, notwithstanding, very fresh : for 
admitdng the first opinion, concerning ttie influx of 
livers into the sea, and consequently of their salts ; 
yet these rivers do not deposit their salts in the bed 
of the lake, but carry them, with the currents, into 
the ocean. Thus tne lakes Ontario and Eric, in 
North America, although for magnitude they may 
be oonadered as inland seas, are, ncvertlieless, fresh 
water lakes, and kept so by the river St. Lawrence, 
which passes through them. — I shall only mention 
further, on this head, the opinions of Bemier and 
Maragli: the former ascribes the saltness of the 
ocean to the fossil or mineral salts, brought into 
it by subterraneous currents, and dissolved in the 
water : the latter observes, that, in Provence, the bot- 
tom of the sea is whoUy stony, and is nothing but a 
continuation of the mountains of the Cevennes ; be- 
mg even found to consist of several strata, among 
wmch are salt and pit-coal ; and hence he derives 
the salt and bitterness of the sea-water. 

The saltness of the sea has been considered by 
aome as a peculiar blessing from Providence, in 
order to keep so great an dement pure and whole- 
some. This appears to be the sentiment of Sir 
Richard Blackmore, in the beautiful lines widi 
which I shall conclude this'papcr ; observing, how- 
ever, that the saltness of the sea can by no means 
be conadered as a principal cause in preserving its 
waters from putrefaction ; which, in my next essay, 
I diall endeavour to demonstrate. 
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What does the sea from patrefaction keep? 
Should it lie stagnant in its ample seat. 
The son would through it spread destructive heat. 
The wise Contriver, on his end intent. 
Careful this fatal error to prevent. 
And keep the waters from corruption free, 
Alixt them with salt, and seasoned all the sea. 
What other cause could this effect produce ? 
The brackish tincture through the main diffuse f 
You, who to solar beams this task assign. 
To scald the waves, and turn the tide to brine. 
Reflect, that all the fluid stores, which sleep 
In the remotest caverns of the deep. 
Have of the briny force a greater share. 
Than those above that meet the ambient air. 
Others, but oh how much in vain, erect 
Mountains of salt, the ocean to infect. 
Who, versed in nature, can describe the land» 
Or fix the place on which those mountains stand? 
Why have those rocks so long un wasted stood. 
Since, lavish of their stock, they through the fk»d| 
Have, ages past, their melting crystals spread } 
And with their spoils the liquid regions fed } 
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FUllTHER REFLECTIONS ON THE OCEAN 

And thou, majestic main! 
A secret world of wonders in thyself I 
Sound His stupendous praise, wliose greater voice 
Or bids you roar, or bids your roarings fall. 

THOMSOV. 

IN my preceding paper I observed, that the sa 
ness of the sea can by no means be con^dered as 

f>rincipal cause in preserving its waters from puti 
action. The ocean has its currents^ like rivei 
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riikii cimilatp its contents round tlic j^lobe; and 
bese may be said to be the great agenls that keep it 
weet ana wholesome. Sir Robert Hawkins, one oi' 
mr most enlightened navigators, mveg an account 
if a calm, in which the sea continuing for some time 
ivithout motion, liegan to assume a very formidable 
ippeanmce. ' Were it not (says he) for the moving 
M the SKI, by the force of wmds, tides, and cur- 
Fcnts, it would corrupt all the world. The expe- 
riment of this I saw m the year 1590, lying with 
a fleet about the islands of Azores, almost six months ; 
the greatest part of which time we were becalmed. 
Upon which all tlie sea became so re]^enished with 
various sorts of gelliee, and forms of serpents, adders, 
and snakes, a.'! seemed wonderful ; some ereen, some 
black, some yellow, some white, some of divers co- 
lours, and many of them hati life; and some there 
were a yard and a half, and two yards long ; which 
had I not seen, I could hardly have believed- And 
hereof are witnesses all tiie companies of the ships 
which were then present; so that hardly a man 
tmild draw a bucKot of water clear of some cor- 
ruption. In which voyage, toward the end thereof, 
many of every ship fell sick, and began to die apace. 
But the speedy passage into oiir country, was a 
remedy to the crazed, and a preservative for those 
ihat were not touched.' 

This shows, sufficiently, how little the saltness of 
the sea is capable of preserving it from putrefaction. 
Mr. Boyle, moreover, once kept a quantity of sea 
water, taken from the English channel, ior some 
time, barrelled up ; and, in a few weeks, it began 
to acquire a fetid smell. He was also assured by one 
of his acquaintance, who had been becalmed, for 
about fourteen days, in the Indian ocean, that the 
water, for want of motion, began to stink ; and, that 
luri the calm continued much longer, the stench 
^HM probably have poisoned him. It is llie mg 
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tioD, therefore, and not the salinesa of the sea, tlut 
preserves it in its present state of salubrity ; and thi^ 
Tery probably^ as I have lately observed, by dadi> 
iDg and breaKing in pieces tlie rudiments, if I rail 
BO call them, of the various animals, lliat wouS 
otherwise breed and putrefy in the sea. 

The saltness of the sea, however, is not unpia- 
ductive of some advantages. Its waters, bemg era- 
porated, furnish that salt which is used for domestic 
purposes ; and although, in some plates, it ie made 
from springs, and, in olliers, dug out of mines, yet, 
'tlie greatest quantity is made only irom the se^ 
That which is called Bay salt is a stronger kind, 
made in worm climates, such as Italy, Spain, and 
the southern provinces of France, by evaporation in 
the sun : that called common salt is made by eva- 
poration in pans over the fire, and is of a mnch 
mferior quahty to the former. 

Another benefit arising from the quantity of salt 
dissolved in the sea, is, that it thus becomes heavier, 
and, consequently, more buoyant. Mr. Boyle, who 
examined the difference between sea water and fresh, 
(bund tliat the former ajipeared to be about a forty- 
fiftli part heavier than the latter. Those persms 
also, who have had opportunities of bathing in lh( 
sea, pretend to have experienced a much greate 
degree of ease in swimming there, than in fteal 
water. However, as we see that they have <mly 
forty-fifth more of their weight sustmned by it, 
am inclined to doubt, whether so minute a dinereno 
can be practically perceptible. Be this as it mavg 
sea water alters in its weight from fresh, so also u 
is found to differ from itself in different parts of thi 
ocean. In general, it is perceived to be hcavii 
and consequently, salter, the nearer we appi 
the line'. 
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There is one question^ ccmceming the saltncss of 
18 sea, which does not yet appear to be decided ; 
amely, whether it be heavier at the surface, or at 
lie bottom. Mr. Boyle found, that equal bulks of 
rater taken up in the English channel at tlic sur- 
aoe, and at the depth of fifteen fathoms, were equally 
leayy, and hence he concludes, tliat the superiicial 
rater was as salt as that at a great depth. 

On the other hand. Count Marsigh obtained by 
[f?aporating the water a thirty-second part only of 
.ts weight of salt from water, taken up on the sur- 
face of the sea in tlic gulf (^ Lyons, wlulc that taken 
up at the same time and place, from a great depth, 
pre him a twenty-ninth part of its weight of salt ; 
ind he thence infers, the greater saltness of tlie sea 
it the bottom than at its surface. In this conclu- 
oon he has been supported by experiments made 
in the gulf of Bothnia. 

There can be no reason to suspect the accuracy 
with which any of these experiments was made : in 
different places die facts will probably be different. 
The river Rhone discharges much fresh water into 
the gulf of Lyoas : this fresh water being ligliler 
than the sea water, will not readily mix itself with 
it, and for this reason the superficial water will be 
most diluted by it, and from that circumstance will 
contain less salt, in a definite quantity, than the 
water which is at a greater depth. At Northwich 
the manufacturers of salt pump their brine, which is 
to be boiled into salt, into a very lar^e circular basin, 
sunk in the ground, and lined with brick, from 
which, when its impurities are subsided, it is con- 
veyed to the boiling pans. This basin is exposed to 

toyagc from Bombay to the East Indies, that the weight of 
the sea water was the <;roalest, not precisely at the equator, 
but where the sun was vertical, and, consequently, in similar 
circumstances, where the heat was greatest. WuIsovls C/iem. 
Essays, voL ii. page 114. 
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■he o)>i'ii air, unil in case of a great tall o( rain ar f 
snow, thi'V let uli' the itttermost parts of the walir b 
iJinxi^h a wooden tube, which is at otlier tinA | 
fttopped with a plug, placed upon a level, nearil^ g 
wiUi the upper sunace of the hrine in the baalfi ■ 
what is thus let oiT is not preserved, hut thnmL 
away afi useless. This practice taocecds upim ^ g 
priadple I am speaking of, nomeh', that fresh 'water 
IS not apt to mix itself, unless it ue much aj^taied, 
with salt water. The gulf of Botlinia remves rirw 
from an immense range of mount^ns, ext^idim p^ 
thembulvcs to the east, the nortli, and the west, be 
bevond the polar circle; and therefore, as in ^ 
suit' of Lyons, its surface may be taore diluted vilh 
fresh water than its middle or bottom. But in tbc 
water of the English channel, with which Mr, Boyle 
made his experiment, the ca«e is very diffeFeoL 
This water has a communication with tne Gennflll 
ocean on one side, and with the Atlantic on ^ 
other; and, from tluit drcumstance, it is subjects 
such a constant agitation, as will occasion all the 
fresh water, poured into it by the Thames and Med- 
way, and other rivers of less conEeouence, to be vSOr 
fonnly diflused through all its sulistance, so as W 
render it equally salt at all depths. The ctmstaiA 
effect produced on the superficial water of the 8e% 
by the influx of a large river, is somewhat similarja 
the temporary effect, attending a downfal of laili;' 
tlie superfidal water will be thereby much diluted. 
It has been observed, that if a quantity of sea wata 
in dry weather weighed 778 grains, an equal quaa 
tity immediately aiier a fall of rain would not weig^ 
above 676 grains, tlic same quantity of Thamef 
water weighing 659 grjuns. Hence it may be ool- 
lectfid, that the weight of a cubic fiwt of the ees 
water bdbre rain exceeded the weight of a cubioj 
toot after r^n by 155 ounces. 

In the open sea off Shetland, north latitude 
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fegrees, equal oiumtities of water were taken up at 
lie surface, and at the depth of ^xty-five fathoms ; 
heae diflferent waters ]rierded by evaporation equal 
loantities of salt, namely, nearly one twenty-nmth 
of tfadr wei^t 

On another occasion, In north latitude 65 degrees, 
mne water taken up from the surface gave nearly 
one twenty«eighth of its weight of salt, while an 
equal wdght taken up frran the depth of 683 fa- 
lliami^ in the same place, gave only one thirty- 
ieoond'. 

It is obvious, that the first of these experiments 
eonfirms Mr. Boylc^s notion of the sea being equally 
nk at all depths, and that the second is wholly op. 
posite, both to his opnion, tod that of Count Mar- 
«gli, so that the question remains still undecided. 
^Iliere is a drciunstance, however, which, perhaps, 
may be sufficient to explain the different results c^* 
th^ last two experiments. The experiments which 
gave equal quantities of water, taken up at the depth 
of 65 fathoms, were made on the twelfth of June ; 
die others, which gave more salt from the super- 
ficial, than from the deep water, were made on the 
fimith of September. Now admitting the saltness 
of the superficial water, and of water at the depth of 
68S fisithoms to have been the same, in the beginning 
of June, why may not the quantity of water, eva- 
porated £rom the surface of the sea, during the hot 
months of July and August, have left the superficial 
water more impr^nated with salt than the water at 
a great depth ! it is some confirmation of tliis no- 
tion, that the air in June was only six degrees 
varmer than the water from the depth of 65 fa- 
thoms, and that the air in September, when the 
experiment was made, was above seventy-six degrees 
hotter than the water from the depth of 683 fathoms. 

» Voyage toward the Norih Pole, in 1773. 
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The lisc of fresh springs at tlie bottom of the m 
in partial lar places, may be another reasoo for a 
accidentally finding the sea sailer at its surface th 
at any great depth below iu However, neither 
tlie rea»ms here offered in explanation of the di 
Qomeiion are wholly to be' rehed on ; for the fre 
water which may accidentally be found at the 
tom of tlie sea will rise up till it becomes as t 
impregnate with salt, as the water inciunbent 
it IS, and the water at the surface, which is renderi 
hcaiier by the sun having evaporated some of 
fresh i^artides, will probably »ink downward, >-^ 
mix itself with the water below it, till the who 
mass of water becomes equally heavy, and con 
quenlJy equally salt. The fact itself, of the i 
being in any case Salter at the surface than at 
l)ottom, ougiit to be ascertained by repeated es] 
rinients '. 

But leaving this discussion, which, perhaps, 
more curioust than useful, there is an advantsj 
nrising from the saltness of tlie waters of the W 
niueh greater than what has been yet meationec 
wliicli 18, tliat the congclaUon of them is tlius i 
tanied. Some, indeed, have gone so far as to sa; 

Itliat the sea water never freezes: but this is an a 
sertion contradicted by experience. However, it 
certain, that it requires a much greater de^ee 
cold to freexe it than fresli water does. It is, ther 
fore, one of iJie greatest blessings that we deril 
from this element, that when, at land, all the stori 
of Nature are locked up from us, we find the se 
ever open to our necessities, and patient of the ban 
of industry. 
It must not be supposed, however, that becau) 
we never see the sea fivzen in our temperate cl^ 
mate, that it is in the same manner open in all part 
' WatMn'a Cheni. Essays, vol. ii. page 150. 
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of our globe. Not to mention, that, at particular 
Kasons, the mouth of die river St. Lawrence, the 
entrance into the Baltic Sea, &c. &c. are so much 
fiossen over as to be impassable by ships, the vast 
mountains and fields of ice in the polar regions 
hsve, for ages past, been insurmountable obstruc- 
tions to the daring researches of our ablest navi- 
gatxnrs. 

Of the ori^n of ice in the frozen seas there arc 
Afferent opinions. Bishop Watson has . observed, 
imon the authority of Captain Weymouth, Captain 
Cook, and I^ord Mul^rave, that very good fresh 
water has been made n'om the ice found in those 
Kas; and having stated this, he thus proceeds; 
* Notwithstanding these testimonies of our most ex- 
perienced navigators, concerning the fresh water 
which they procured from the tnawing of the ice 
they found floating in the sea ; yet it might still re- 
main a matter of cbubt, whether the ice, from which 
the water was obtained, had been formed in the sea, 
and, consequently, whether sea water itself would 
when frozen yield fresh water. For it might, with 
some appearance of probability, be said, that the ice 
had either been formed at the mouths of large fresh 
water rivers, and thence by tides or torrents drifted 
into the sea ; or that it haa been broken by its own 
weight, from the immense cliffs of ice and frozen 
floaow, which, in countries where there are few rivers, 
are found in high latitudes to project a great way 
into the sea U or lastly, admitting it th be formed in 
the sea, it might be urged, that it was formed of 
fresh water, not of salt Fotherbye, in his voyage 

* Icehergs arc large bodies of ice filling the valleys between 
the high mountains. — Large pieces frequently break off from 
the icebergs, and fall with great noise into the water : we ob- 
served one piece, which had floated out into the h ^ 
grounded in twenty- four fathom ; it was fifty feet h 
the surface of the water. Phipps*s Voyage, page 7^ 

VOX. //. K 
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fu 1614, esteeins snow tlic original cause of the i 
Cituld at sea, for he observed it to lie aii ineh'thi 
upon the surlace ut' tlie sea; and Capt^ Coc 
from his own obser\-ations in tlie South Sea, % 
disposed to think, that thi^ vast floats of ice he n 
with in the spring, were formed from the com ' 
tion of snow". Without doubt, the snow W 
falls upon the surface of the sea, being in A a . 
state, and, bulk for bulk, hghter Uian the sea witi 
will not readily mix itself with it, but may, 
due degree of cold in the atmosphere, be Bpe« 
converted into a layer of ice ; the upper sur&ce 
this first layer of ice, beuig elevated above the SM 
face of ihe sea, will receive all the fresh water wMc 
falls from the atmosphere in the form of snow, dee 
rain, or dew ; by the successive congelation of whid 
the lai-gest fields of ice may at last be formed: Wh 
ther the ice found at sea be formed according 
any one or all of these ways, it is evident, that it 
produced from an accumulation of congealed fril 
water, and that we cannot, from the fresh wi' 
procurable from ice thus formed, conclude that 
ice of frozen sea water would yield fresh water. 

' To a navigator, it is a matter of little coi 
quence to determine, whence the ice which supp^ 
him with freah water is produced; he is suj— 
meeting witli more than enough of it for his 
pose, and he leaves it to the leisure of philog(^ 
to decide the question, whether congealed sea wa( 
will, when thawed, yield fresh water. They*^" 
decided it by actual experiments, made with « 
suitable attention. Some sea water was taken up 
the North Foreland, it was exposed to a free^ 
atmosphere, and it afforded an ice perfectly free froj 
any taste of salt." Tlie bishop then, after mentioi 
ing some further experiments to tlie same cffeC 

' Voyage toward the South Pole, vol. ii. page 242. 
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llius continues : ' It had been long ago asserted by 
Ifacrolnus, that sea water was never frozen, but 
dbat the ice found at sea proceeded from the freez- 

aof the fresh water spread over its surface by the 
IX of rivers. And in modem times, the opi- 
akn, oonceming the freezing of sea water, seems to 
IiKve been admitted with great caution, by our most 
eqperienoed navigators. They were aware, indeed, 
Aat the Baltic ^and other large seas were frequently 
fiooen quite over, but they appear to have thought, 
diat falls of snow laid a sufficient foundation for the 
production of that event, ^ without its being at all 
necessary for the sea water to freeze.** I cannot 
conceiTe that there was any great occasion for this 
fffntJW^ mode of esmression, once it had been ob- 
red^ above a hundred ]^ears a^, that not only 
water, but water containing double the propor- 
tioii of salt commonly found in our sea water, sfA 
Mte than is contained in the sea water of any 
dbnate, misht be frozen by the cold prevailing in 
oyr atmosphere ^'* 

A very eminent naturalist, who admits the con- 
gelation of sea water, has presented us with a very 
^jtiiking description of the wonderful phenomena 
iluch the mountains of ice exhibit in these regions 
of descdation. But as I have already availed myself 
rf tlus description in my paper On Winter in the 
Fdar Regions % I need not repeat it here. 

The tides, the saltness of the sea, and mountains 
of ice, which I have thus described, are not the only 
phenomena observable in the wonderful world of 
praters. But I cannot, in this paper, enter into the 
fiscussion of any other. 

' Ccx>k's Voyage, vol. ii. page 242. • No. i v. 
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COKCLL'SIO.N OP REFLECTIONS ON TD 
OCEAN. 

Thtff Ihal go dawn to tht tta ra ihint, that da Ewimv 
gital aatm i ikesr set the wnrkt nflie Lord, and hit m 
deri in the dttp. ntM 

Thtrrarryel kii greater ikingHhan thtie le,/sr wtil 
tten but aJ'etB of hit worki. ^ viay speak muck, Md\ 
omeihtrt ; wkert/ari, in sum. He it all. ECCLI 

THE works of nature can excite sensatioiu it 
picesure, even in minds the least liabituated to n 
flection. Such, however, are content wth ma 
exterior beaiitj', and extend not their researchu tft 
yond the aiiriaces of things. The vast expanse (^ 
waters appears to them in two aspects only ; a&U! 
object ot dreadful sublimity in a storm, or of pleu 
ing magnificence tn a calm. But the Contempla 
tive Philosopher extends his view far bevond th 
distant hotizon, and far below the agitated surftcc 
He considers the ocean, with the Son of Sirach, a 
the immenao receptacle of wonders yet undiscoreml 
and of phenomena, which, perhaps, will i 
ever unexplained. 

There la one very curious phenomenon In th 
ocean, which has long exercised the sagacity of phi 
losophers. This is the luminous appearance of it 
aurface during the obscurity of the night. M 
Bayon, surgeon-major at Cayenne, made a grea 
number of experiments, at diflerent seasons in orde; 
to find out its true cause ; and it always appcarc^ 
to him, that these luminous points were produce 
by fnction alone. Though he often made use i 
Hiv best glosses, he could never perceive any ii 
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\f therefore, he is inclined to think, that 

s points ai-e rather the effects of motien and 
ioi) than of ammal bodies, as ha-s been supposed 
me philosophers'. But from the experiments 
I observations of many learned men'' on tliis sub- 
\ BB far backward as Bacon and Boyle, it ap- 
8 evident, that varioua causes, boUi jointly and 
rately, produce this phenomenon, 'ihe expe- 
mtB of Mr. Canton' prove, tJiat the putrefaction 
nimal substances produces h^ht and scintillation 
■the sea. A hide wliitc fish placed in sea-water 
rendered it luminous in die space of twenty-eight 
hours; and certain quantities of salt, and oil of 
harlshoro, are known to produce a similar effect in 
tommon water. On the other hand, it is certain, 
ihat there is in the sea a prodigious quantity of 
shining insects or animalcules, which contribute to 
tliis phenomenon. M. Dagelet, a French astro- 
nomer, who returned from Terra Australia in 1774, 
onnt^t with him several kinds of worms, which 
ine in water, when it is set in motion; and M. 
_|aiid affirms, that the luminous surface of the 
% from Brest to the Antilles, contains an immense 
intity of htlle, round, shining polypi, of al>out a 
Xter of a line in diameter'. Other learned men, 
I adtnowledge the existence of these luminous 
als, cannot, however, be persuaded to consider 
a as the cause of all that lieht and scintillation 
1 ^ipear on the surface of the ocean. They 
me substance of the phosphorus kind, 

' MecnoireK uaur scrvir i, I'liistoiie de Cayenne «t ie la 
GaSeimc Franrai>*. 
* FBtticukily Ozanum, in hia treatise concerning Pho9- 

Kiri; Bartholin, in his Dissert, de I.uce AniinaliiiiO j 
nati, in his Hiitocr o( ihe Adriatic Sea ; Nollet, iti the 
Memoirs of iha Rnyal Academy of Sciences Tor 1750 i and 
Vianelli. in his Nuove Seoijerte mtorno le Loci notiorni dell" 
*q,.a Marina, 
> Philos. Trans, }76g, * Journal dei Savans 17^0. , 
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!y , m.. . ■.:--'d asoM 

^' - ••^ 1. TT ? . Godehooi 

..:ioii> o:. ;. <::idof fill| 

C o N r L U S 1 o N o i ' i • , ., , ! vseni'r ■ i i vj t lie tunnjf 

^ ;J •\hu'h >hint^ uith a ooB> 

(Uixh he has observed^ 

'Jneu ihat -^o duin lo i/v •, ^neral of the huniiioai 

Sm f^^/r^U '"'"'' ^ *"' '''^ ^a-«:ater, he is, nevw- 

'**^''' . tiie scintillation and flamiog 

IVierc are yet hid rreaCt^d tirom tlie cmIv and greasy 

j.vrt but afar of h.» lic-n .^ is impregnated. 

rou,r short; wlur.f. . •. .,,^, ^.^ opimon, that the Mt 

THE work. -' ^ .>Hnolecmcity; but he |^. 
pleasure, even - :^^^ to think, that this phaio. 
flection. SiK'h - .^ ^»*»^l a?™als, either by thffl 

exterior beaut-, • ' -' '^ '^^^' ^7 ^^^ M^^ o'^ «^ 
v<md the ^nrfn-r-- -'^tutted; he did not, howerav 

vaters apiieat ^^^- ^^°« ^'^^T^' *^ s^wn or 

olnecl ofclri-^^-^" ^^. ^ noticed. M. Dagdet, 
;„;.. iiiaffiiiH* ^" '"^^ ^^ Antongil, in the island of 
Hu' Piiik)siM -^- ^^^^ » prodigious quantity of fij, 
lii-iant iiori>..r. V- -iurtace of the sea above a mile 
111" ;<»ri5;i(k • * '•**''*^ '^*^» *^ ^'^^j ^^ account of their 
tilt iiiiiii •^^». •* vnuiks of sand. They exhaled a 
nr.il u? }»ii<*». ' **"- ^^^^^ ^^^ ®^ '^^"^ appeared with 
/, ^ ^ uiiexfi v-^»^'^*"^ some days before. The same 
i'iuiv ^^*^'^'* jvri'eiving' the sea remarkably 
, . , \ ^^„, V ?XHul of the Cape of Good Hope, 
], " :, . . --^^ ^x\my remarked, that the oars of 
A :. , , . .^Uu-eil a whitish and pearly kind of 
[ ^, ivk in his hand the water which 

^ iHUiis, he discerned in it, for some 

. ». . , ^ *< iig'^t as hrse as the heads of pins. 

<^vl tiK'se globules, they appeared to 

. ••> aiul thin pulp; and some days 

,.,> .v\cied, near the coasts, with 

'.^ •txs^* Ultlc fish, in innumerable mul- 

*^H A * ^'^^-^ *^ ^^ probable, as observed be- 
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forp, that various causes contribute to tlie litht and 
sunullation of the sea; and that tJie light which M. 
Buyon attributed to a^tation and IViction, is dif- 
ferent from that which is extended fai- and near, 
which seems to cover the whole surface of the ocean, 
and produces a very striking and beautiful appear- 
ince, particularly in the torrid zone, and m the 
summer season. 

Tlie revolubons produced upou the earth by the 
tea, form another object of contempktioa. It is 
t\'ery day making con^derablc alterations, either by 
orerfowing its shores in one place, or deserting 
them in others; by covering over whole tracts cff 
country, Uiat were cultivated and peopled at one 
lime ; or by leaving its bed to be appropriated to 
the purposes of vegetation, and to supply a new 
Oipatre tor hiunan industry, at another. 

In this struggle for dominion between the earth 
and the sea, the greatest number of our shores Bceoi 
to defy die whole rage of the waves, both by their 
height, and the rocky materials of which they are 
composed, which defend the land, and are only in- 
terrupted here and there, to give an egress to rivers, 
and to afTiird to our shipping the convenieocies of 
hays and harbours. In general, it may be remarked, 
that wherever the .sea is most furious, there the 
boldest shores, and of the most compact materials, 
are found to oppose it. There are many shores s^ 
VH'al hundred feet perpendicular, against wbit^ 
ihe sea, when swollen with tides or storms, rises and 
beats with inconceivable iury. 

Hence, therefore, we may conceive, how the 
liolence of the sea, and the boldness of the shore, 
loay be said to have made each other. When the 
Ka meets no obstacles, it swells its waters with a 
gentle intmnescence, till all its power is destroyed^ 
i^ wanting deptli to aid its motion. But when ita 
s is checked in tlie niidj^t, by the prominence 
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of rocks, or the abrupt elevation of the 
dashes witli all the force of its deptli am 
Cpbstacle, and forms, by its repeated violence, 
abruptness of ilie shore wliich confines tlie impetuo- 
sty. Where ttie sea is extremely deep, or very 
much a^tated by tempests, it is no small obsta^ 
that can confine its rage ; and for this reason we atf 
the boldest shores projected asainst the dcepeat 
vaters; all smaller impedinientsliaving long haat 
been surmounted and washed away. Perhaps, of 
ill the shores in the world, there is not one so haA 
■B that on the west of St. Kilda, whicii is 600 u> 
dioms perpendicular above the surface of the tea. 
Here, also, the sea is deep and stormy : so that it 
requires great force in the shore to oppose its vio- 
lence. In many parts of the world, ana parlicukrlT 
in the East Indies, the shores, though not hi^ 
above water, are generally very deep, and, con- 
sequentlv, the waves roll ag^nst the land with 
great weight and irregularity. This ri^ng of the 
fraves against the shore, is called the surf of the 
■ea, and, in shipwrecks, b generally fatal to such as 
ftttempt to swim on shore. In tius case, no dex- 
terity in the swimmer, no float he can use, nd^er 
•wimming girdle nor cork jacket, will save him : the 
weight of the superincumbent waves breaks upon 
Um at once, and crushes him ivith certain nan. 
Some few of the natives, however, have the art irf 
Bwimming, and of navigating their Uttle boats near 
"Aese shoi-es, where an European is sure of imme- 
diate destruction. 

■ In places where the force of the sea is leas violent. 
Or its tides less rapid, the shores are generally seen 
to descend with a more gradual declivity. Over 
these, the waters of the tide steal by almost iinpo-- 
cepuble degrees, covering them for a large extent, 
and leaving them bare on its recess. Upon these 
ahor^, as I have observed, the sea seldom beats 
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mdi any great violence, as a large wave has not 
depth sufficient to float it onward; so that here are 
to be seen gentle surges only, making calmly toward 
Imd, and fessening as they approach. As the sea, 
ii the former description, is generally seen to pre- 
tent prospects of tumult and uproar, here it more 
Muuly exhibits a scene of repose and tranquil 
beauty. Its waters, which, when surveyed from 
Ae precipice, afforded a muddy greenish hue, aiis- 
jBtt mm their depth and position to the eye \ when 
bodd from a shelving shore, are the colour of the 
ib^, and seem rising to meet it. The deafening 
noise of the deep sea, is here converted into gentle 
munnurs; and, mstead of the water dashing against 
the £ioe of the rock, it advances and recedes, still 
^oing forward, but with just force enough to push 
Hi weeds and shells, by insensible approaches to 
die shore. * ^ 

There are other shores, which have been either 
raised by art to oppose the inroads of the sea, or, 
from its gaining ground, are menaced by immediate 
destruction. The sea being thus seen to give and 
take away lands at pleasure, is, without question, 
one of the most extraordinary considerations in na- 
tural history. In some places it is seen to obtain 
die superiority by slow and certain approaches ; or 
Id burst in at once, and overwhelm all things in un- 
distinguished destruction : in other places it departs 
fiom its shores, and where its waters have oeen 
known to rage, it leaves extensive fields covered 
irith verdure. 

The formation of new lands, by the sea con- 
tmually brin^g its sediment to one place, and by 
die accumulation of its sands in another, is easily 
conceived. Many instances of this are recorded^ 
which I have not room to recapitulate. One alone 

^ Newton*8 Optici. 

x5 



MS The Omtemplative Philatopher. ijors 

will BUlBce : the whole republic of Holland seemBto 
Iw a conquMt fi-cnn the sea, and to be reBCiied, in 1 
msnner, from its bosom. The industry of mu, 
however, in the formation of dikes, must here be 
mentioned ; for the surface of the earth, in thiecouit 
try, is still below the level of the sea, 

But as the eea ha.s been known to recede fim 
tome lands, so it has, by fatal experience, bc«i 
known to encroach upon others; and, probably, 
these depredations on one shore, may account foriti 
dereliction of another : for the curreHt which retted 
Upon some certain IjanW, having got an egress in 
■ome other place, no longer presses upon its forma 
bed, but pours all its stream into the new entrance; 
So that every inundation of the sea may be attended 
with a con-espond^rt dereliction of another shwe. 

However uiis be, we have numerous instances of 
the inundations of the sea, and of its burying whde 
provinceB in its boeom. One of the most conndcr- 
able of these, is that which happened in the rragn of 
Henry I., which overflowed the estates of earl Good- 
■win, in Kent, and formed that celebrated bank, 
called the Goodwin Sands. 

There are some shores on whioh i)ie sea has made 
temporary depredations ; where it has overflowed, 
tnd, after remaining, perhaps, some ftgen, has again 
retired of its own accord, or been driven back by 
the industry of man. The country round the IsEc 
of Ely, in the time of Bede, abuut ten centuriea 
a^, was one of the most delightM spots in die 
lungdom. It was not only ricTiIy cultivated, and 
produced all the necessaries of life, but grapes also, 
that aflbrded excellent wine. The accounts of that 
time are copious in the description of verdure and 
fertility; its rich pastures, covered with flowen 
and herbage ; its beautiful shades and wholewme 
air. But the sea breaking in, overwhelmed the 
whole country, and totally destroyed one of the 

^ - I 
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most f^lUe valleys in the world. Its sia, from 
being dry and healthful, from tliat tloie became 
very unwliolesome ; and the small part of the coun- 
Uj, that, from being higher than the i-est, escaped 
[lie deluge, was soon i-endered uninhabitable, I'rom 
iLs noxious vapours. This country continued thus 
under water for some centuries ; till the sea, at last) 
\»y the same caprice which had prompted its in- 
vasion> began to abandon it, and has continued, fw 
imue ages, to relinauish its formei- conquests. — Of 
ioiuxIaUons of the like kind, concerning which his- 
tagrbas been silent, we have numberless testimcniies 
rf another nature, that prove it beyond the po8- 
alulity of doubt: I mean those numerous trees, 
&Bt are found buried at considerable depths, in 
plwes which the sea, or rivers, liave accidentally 
OTCf flowed. 

But the influence whidi the sea has upon its 
'Iwres, is nothing to that which it has upon that 
;Ji'at body of earth which forms its bottom. It is 
•ii the bottom of the sea that the ji^reatest wonders 
lire performed, and the most rapid changes pro- 
duce. It is there that the motions of the tides 
tod currents have their w^ole foK:e, and agitate 
the eubst^ices of wliich their bed is composed. But 
these are almost wholly hidden from human curio- 
lily: the miracles ot' the deep are performed in 
secret ; mid we have but httle information from iti 
abys6tt, except what we receive by inspection at 
ytxy flhallow depths, or by the plummet, or from 
diven, who arc known to descend from twenty to 
tlurty fathoms. 

lUlB eye can reach but a very short way into the 
dqilh of the sea ; and that only when its suriace is 
fimy and serene. In many seas, it perceives no* 
mug but a bright sandy plain at bottom, extending 
ioc several liundred mues, without an intervening 
djjiyt But, in others, particularly in the Red Sea, 
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I is very different ; the whole body of this extenmve 

J of water is, literally speaking, a forest of sub- 

irine piantii, and corals formed by insects for thai 

itntation, sometimes branching out to a great es- 

Here are seen the madrepores, the spongeB, 

es, sea-mushrooms, and other manne prodfuc- 

,as, ix)vering every part of the bottom. — The bed 

f moJiy parts of the sea, near America, presents a 

y different, though a very beautiful appeaiance. 

IS is covered with vegetables, which mafie it look 

8 green as a meadow ; and, beneath, are seen thou* 

I wids of turtles, and other sea-animals, feeding 

The wonders of the great deep are still inex- 
haustible, if we enter into other extensive subjects 

i have a close connexion with it. such as zoology 
md navigation. As these, however, form subjecte 
u&at should be treated under other heads, I diall 
L etmclude this paper, by presenting my readers with 
lAome pertinent reflections, by the celebrated M. 
I Savary, in his instructive and entertaining Letters 
I on Greece, 

' We enjoy the finest weather imaginable ; not Et 
I tioud obscures the sky, and a south-east wind wafts 
I tu directly toward the port to which our wishes tend. 
I W^e have now entirely lost sight of land, and, as far 
I OB the eye can reach, only view the immense abyss 
I rf the waters, and the vast expanse of the heavens. 
I- Bow awful is this sight .' How does it ins^nre the 
^Jipind with great ideas! How adventurous is man, 

trusts has fortune and his life to this fraU Tessd 
1:^ has built, which a worm may pierce, or a ^ngle 
llilBst tlash to pieces against a rock. Yet in thialie 
rfcraves the fiiry of the ocean ,' But how admirableis 
Wias ingenuity ! He commands the winds, enchains 
rttiem in the canvas, and forces them to conduct him 
■'!|rhcre he pleases. He stuls irom <Hie end of the 
"' ai'/d to the other, and traverses t!h.e*HanveR?e\MajaA 
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E^ ins, without any signals to direct him. He reads 
course in the heavens. A needle, which won- 
derfully points perpetuaUv to the pole, and the ob» 
servation of the stars, inform him where he is. A 
few lines and points mark out to him the islands, 
coasts, and shoals, which his skiU enables him to 
approach or avoid at pleasure. Yet has he cause to 
tremble, notwithstanding all his sdencc and all his 

E'us ! The fire of the clouds is kindling over his 
I, and may consume his dweUing. Unfathom- 
aUe guUs are yawning beneath his feet, and he is 
aepaxated from them only by a sinde plank. His 
copfideaoe mi^t make us imagine he knew himself 
immortal; yet he must die— die never to revive 
i^ain, except in another state of bemg.^ 



No. LXI. 

ON THE DBCAT AND FALL OF THE 

LEATES. 

How sweetly pleasing to behuld 
Forests of vegetable gold ! 
How mixed the many chequered shades between 
The tawny mellowing hue, and the gay vivid green ! 

FAWKES. 

Quam multa in sylvis Autumni frigorc primo 
Lapsa cadunt folia. virgii. 

Thick as autumnal leaves that strow the brooks. 

In Vallombrosa, where th* Etrurian shades 

High over-arched imbower. milt on. 

£ACH season of the revolving yeax ij^todLweje^ a 

fueajiqpearaaces pecu\mc XoSx^i^. 
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Tlae emotions which aitect the miiid, while it am- 
ieiuplate» scmisb which every month contributes to 
diverrafy, must consequently be ot' various kiuds, vii 
suiuble to the season. The vivid beauties of Sprii^, 
^e glowing skies of Summer, the fading scenes a 
Jhuturan, sad the dreary aspect of Winter, exdle 
■cspectively, vivacity, languor, »d«niuty, or de- 
jection. 

Summer, refulsent ' Child of the Sun' retires, 
nith his ' ajdent look,' from our northern rcsimu, 
in the month of September. Each gaudy flower 
^tiappean:, and Winter approaches fast. But the 
"flooni of the falling year is in some measure en- 
ivened in that raontli, cKpeciaJly by the varie^ of 
colours, some lively and ueautitni, which are then 
lusumed by the fading leaves of trees and shrubs. 

Those virgin leaies of purest vivid green. 
Which charmed ere yei they trerubled on ihc treei. 
Now cheer ihe sober landscape in decay ; 
The Lime (ir>t fading ; and the gnlden Birch, 
With bark orsiherhoe j the moBs-gtown Oak, 
Teascious of lis leaves of russet brown j 
Th' eiisanKuined Dogwood, and a thousand tints 
^^ Which Flora, dnsied in all her pride. of hloom, 

^^t Could scarcely equal, decorate the gtovca. 

^H^Vhat a beautiful description is this, of tlie ap. 
^Rpearance whicli some of the trees, in particular, 
^Txre observed to exhibit! But the great poet of the 
^1 Seasons, with comprehensive eye, extends his view. 
^B and describes the diversilied aspect of the chani 
^ woods, in one magnificent landscape far 
around. 
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The fading many -coloured woods, 
Shade deep'nin^ ovtr ^hade, the country round 
ImbroK'n ; a crowded umbrage, duaii and dun. 
Of every hue, from wan-declining grct'ii 
To soolj dAft. These now the lonesome Muse. 
Low wnijnering, lead ii 
Aiulglvt (he season in i 
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Yrook the gradual change and decay cS the leaf, 
we are next invited to contemplate its fall. This 
last circumstance is so striking, that the whole de- 
dining season of the year is o^n, in commcm lan- 
guage, called the fall. Here Thomson again pre- 
sents us with a prospect. What he had before de- 
scribed, the general aspect of the woods, was obvious, 
perhaps, to every admirer of Nature. But what 
poet had ever before described so minute a circum- 
stance as the effect which the falling leaf often has 
upon the contemplative mind ? 

Now the leaf 
incessant rustles thro* the mournful grove. 
Oft startling iuch as studious walk lelow. 
And slowly circles thro* the waving air. 
But should a Quicker hreeze, amid the boughs 
Sob, o*er the sky the leafy deluge streams : 
Till choakedy and matted with the dreary shower. 
The forest walks, at every rising gale. 
Roll wide the withered waste, and whistle bkak. 
Fled is the blasted verdure of the fields ; 
And, shrunk into their beds, the flowery race 
Their sunny robes resign. Ev'n what remained 
Of stronger fruits, falls from the naked tree ; 
And woods, fields, gardens, orchards, all around 
The desolated prospect thrills the soul. 

The Abb^ de LiUe in his beautiful didactic poem, 
Les Jardinsj has likewise been verv happy m de- 
scribing the vari^ated appearance of the woods, and 
the plmosophic emotions which this vicissitude of 
Nature has a tendency to inspire. The fine effect 
of the falling leaf he has evidently borrowed from 
Thcnnson: 

Qiie de variety, que de pompe et d*dclat ! 
Le pourpre, Torang^, Topale, Tincamat, 
De leuTS riches couleurs ^talent Tabondance. 

HebCS ! tout cet ^clat marque leur decadence. 
Tel est le sort commun. Bientdt les aquilons 
Des d^pouilles des bois vont joncher les \a\\on% *, 
2V moment en moment lajeuille sur la terre^ 
Em fembani, inierrompt le rhiewr «o2ttavre. 
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Mni* ces niinei mdmfa out pour moi des altraiti. 
Li, ii mon coeur nouint qtidquM profond) rcgntii 
Si quelque souvenir vieiit rouvrir ma blessurr, 
.T'aiiiie a mSlcr mon dcuil an dcuil de la Nature. 
l>c ces bois dew^chis, de ces rameaux fl^tris, 
Seul, enaDi, Je me plaia k fouler lea d^brti. 
11a tool pnasds lea jaura d'ivreaie et de folic j 
Vieni, je me livre ^ loi, lenilre Melancolie ; 
Vieos, Don Ic front charef des nuagea affreux 
Dottt rcaiche envelopp^Te Chagrin lJn£breux>^ 
Mais I'oei! demi-voile, mais (elk qu'e 
A tnvers dea vapeurs unjour plui dc 
Vieni. le tef>nid penaif, le front calm 
Tout prfw a s'liumecter de jileu 
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The purple deepj 



The woodland ■ , , 

Orange, and opal, and carnal ion bright. 
To ihe rapt eye their rich prorusion spiead. 
Alas ! ibis splendour all bespeaks decay. 
Such is the common loi. Tbi^ north winds sooa ' 
Their sylvan spoils ivill itrow along the vales. 
Tkt leqfincetittntJlulteTi to the giound, 
jlad,Jluli'ri>ig, $lartlei lucb, wha mujing ilray, 
Loneti/ nnrf deoioui through the solemn ihadet. 
Yet haie these leafy ruins charms for me. 
There, shiiuld my heart some poigitant ivoc conceal, 
And sad Remembrance ope the bleeding wound. 
How sweet lo mingle ihcn iny sorrowing gloom. 
With (he deep gloom that sadidens all the scene ! 
Wand'ring, recluse, how sweet (o (read the spoils 
Of the stripped woods and withered branche» round! 
The giddy days of gay sspiting Hope, 
And all my yanlhful follies, now are fled. 
Come then, O soothing Meianchuly, come; 
To thee each moment I devote : But come. 
Not o'er thy visage hov'ring frightful clouds. 
Involved in which dep rets ing Sorrow walks. 
But with eye half-veiled, as m Autumn whea 
Through congreeated fees a brighter son 
With sudden raJia(ion ctlcers the day : ' 

O come, with pentive look, and front aerenCi 
While the big drops sit trembling in thine eye/' 
Or steal adowD (by cheek delicious tears. ' 



Such arc the appearances and effects whidi 
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fitim the gradual decay and fall of the leaves. But the 
Contempmtive Philosopher, not content with general 
appearances and effects, delights to explore with cit- 
nous eye, their latent cause. And when he es^amines 
the structure of the leaves of trees, and inquires into 
their uses, with what a grateiul heart must he ac- 
knowledfice, that the all-wise Creator has not designed 
them ^nuunent only, but for the most important 
service in v^tation. 

Botanists define a leaf to be a part of a plant ex- 
tended into length and breadth, in such a manner aa 
tohave one side distinguished from the oth%r. They 
are jax^perly the extreme part of a branch, and the 
cniament dP the twigs. They consist of a very glu- 
tinous matter, being fiu-nidied every where with 
Tons and nerves. Of the different distinctions of 
leaves, according to their portion and form, above 
one hundred are enumerated. In all of them, one 
of the offices is to subtilize and give more spirit to 
the abundance of nourishing sap, and to convey it 
to the litde buds. 

There are two orders of veins and nerves in leaves, 
one belcmging to each surface ; and it has been gcf- 
netally observed, that the lower laminae, or unaer 
«des of the leaf, have the ramifications larger, and 
are capable of admitting a liquid to pass through 
them, Tdiich those of me upper surface will not. 
These two orders of veins are mosculated at several 
pboes ; but not so closely connected, but that they 
ma^ be eaaly separated, after they have been steep- 
ed in water a proper time. Bom, it is supposed, 
are destined for very different purposes. The up- 
per lamina, or coat of veins, is thought to consist of 
lir-vessels, through which the perspirii^ matter is 
|Kotruded, and by which the air is inspired. This 
18 evident firomthe clammy substance called honey- 
dew, irfiich is always found sticking on the upper 
suE&ce of leaves. The lower lamina is supposed to 
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be intFucIed for the receiving, prepahiig, and «oa- 
veying the moisture, imbibed from the rising, va. 
pours of tlie earth, by which trees and plants are 
oreatly nourished ; so tliat one principal use oi' leavH 
K to pertbrm, in some measure, the same ofHof for 
the support of vegetable life, as tlie lungs o( am> 
Dials do for the sub^stence of animal liie. For Ukm 
Xe^jective uses tlie two surfaces arc very differmtlj 
formed. The upper part is commonly smooUi and 
luud ; the under one frequently covered with hairs, 
«r a soft down, the better to stop and det^ the 
lining vapours, and tronranit them to the inner ves« 
eeJs. Where the structure of the leaves is di&rent, 
it has been demonstrated by experience thiit their 
*Amctktiis alter ; for in those leaves whose upper 
surface is furnished with dowu or hmrs, that uppet 
surface is found fo be the receiver and conveys of 
<he moisture, and not the under one, as in the other 
plants. If the surface, therefore, of these be alter- 
ed, by reverang the branches on which they gFov, 
the plants are stcmped in their growth until the foot- 
fita&s are turned, and the leaves restored to their 
former position. 

Anotner of the great functions foi" which the leaves 
.ip£ trees and plants are designed, is that of their foot- 
stalks nourishing and prepwing tlie buds of the fu- 
ture slioots, which are always ibnned at the base t^ 
.Shese foot-stalks. During the continuance of the 
leaves in pei-fect health, these buds increase in mag- 
^tude, and, in the deciduous trees, ore brought to 
maturity before the foot-stalks separate from the 
^uds in Autumn. If the leaves be blighted, or their 
'entire surface cut, although the fbot-^talks remain, 
,yt't tlie buds will decay, or not arrive at their pn^ier 
nze, for want of the nourishment which is coaveyed 
to them from the leaves. Whenever, therefore, the 
trees are divested of their leaves, or those leaves ais 
cut, or otherwise impaired, altliough it happen iu 
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dther mbc wlien the Ijutls arc nearly formed, yet, if 
it be before the foot-stalks s^wrate naturally from 
liie brunches, the fntiire shoots will be weakened in 
proportion to tlic time when this is done. In a 
word, it is itf the utmost conacquence not to ptill or 
nit off the leaves of trees or plants, while they retain 
ilieir venbire, and are in health. 

Leaves, mtH-eover, are designed to shade the buds 
for the future shoots from the sun, which would 
otherwise exhale and dry up alt their moistiuv. 
Tbey also shade the young fruit, which is nbso- 
iotuly neccBSaiy, during the time oi' thrir ffrowth. 
They throw off, by transpiration, what is unnce«H. 
sary to the crowtb of the plant ; and thiit corresponds 
to the discnarge which is made by perspirution in 
nnimn) bodies. Indeed plants receive and transpire 
much mcffe m equal time than large animalti. The 
sunflower, for instance, has been found, by repeated 
experiments, to receive and perspire, in twenty-four 
liours, seventeen tana more than a man. 

Air evidently passes in at the leaves, and goes 
Ihmugb the whole pkut, and out again at the roots, 
if the leaves have no air, the whole plant will die. 
This huK been praved by experiments with the air- 
pnmp. And plants not onfy draw through their 
leaves some part of their nourishment from tlio mr. 
but tlic leaves also perform the necessaiy work of 
dtering the water received in at the roots into die 
nature and juices of the plant; and hence it is that 
the life of the plants depends so immediately on their 
leaves. The tiusbandman oflen suffers for want of 
this knowledge. A crop of smntfinn is a very va- 
luable thing, and its root lirang perennial, will yield 
him inCTease many years ; but it is often deRtroyed 
At first, by sufiWing it to be indiscreetly fed upon by 
the sheep, which eating up all the leaves, the root 
8 without the means of a supply of mr, aad 
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le whole plant perishes. This remark has been 

tewise extended lo prove the absurdity of teeding 

own wheat in the Winter and Spring. 

Leaves being tJius so necessary. Nature has, in 

•11 perennial plants, provided a reversionary stodi 

tf them. The leaves of these plants are alwayt 

ned in Autumn, tliough they are not unfolded 

the following Spring, They then open and in- 

ttse gradually, in proportion to the motion of the 

flap, and the quantity of pabulum, or nouristimrat, 

it then receives to be circulated. And these leaves 

of evergreens have also a thin compact skin or cover 

aver their surfaces. They are found by experiment 

lo imlnbe and perspire hut little in the same space 

rf time, when compared with the deciduous trees 

Bud shrubs ; and it is chiedy owing to this close oo- 

"feriiig, and to the small proportion of mmsture con- 

taineu in their vessels, that tliey retain their verdure, 

and continue uninjiu^ in the severest frosts; a dr- 

cuinstance ^ich is likewise owin^ to their oilv 

exterior. Beside these autumnal leaves, there is 

Another set of them formed in Spring, and expajided 

•bout Midsummer. These arc of iniinite service to 

Vany trees, particularly to the mulberry, as thev 

Mve its life when the spring-leaves have been all 

eaten up by the silkworms. 

'< No plant, indeed, to which Nature has allotted 
leaves, can live without them, hut will certainly die 
if they are pulled off as soon as they appear. The 
tommon grass of our meadows and pastures might 
"8ecm an exception to this general rule ; but it is to 
be considered, that though tlie sheep cat this down 
*ery close, and take ofF its leaves as soon as the^ 
grow, yet when it is thus devoured by cattle, it » 
only in the leaf, very little of it growing up into 
BtaJk at that time ; and therefore less sap is to be pu- 
andconeequently less of the operation allotted 
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Id the leaves required. There is, besdes, a constant 
sucoession of new leaves growing up in tlie place of 
the old ones ; and many of these bang too short to 
be bitten off, serve in the place of those which are 
eaten. 

Finally, the leaf serves in a singular manna*, as 
already observed, to nourish the eye or germ of the 
plant, until, growing by degrees to a greater bulk, it 
pcesses the vessels mihe foot-stalk toother, whereby 
ue juice is by little and little stopp^ in tlie leaf till 
it cannot any more return through the foot-stalk ; 
vUdi, by the cessation of the afflux and reflux of 
Ae nutritious juice, ^rows putrid, and the leaf dies, 
and fidls off. This is the chief cause of the fall of 
tiie leaf in Autumn. But other causes are adduced. 
One of the most obvious is the coldness of the sea«> 
Mm ; for no sooner are the leaves covered with the 
first hoar-frost, than they are observed to fall in 
great abundance, and all the trees and plants are 
stripped of their verdant honours. The cold, it is 
laia, causes a stagnation of the sap in plants, and 
prevents its transpiration by the leaves. But this 
explanation would be insufficient without the solu- 
mk already given ; for the leaves will certainly fall, 
although it do not freeze during the whole wmter ; 
nor can the shelter of greenhouses prevent this an- 
nual decay and fall. 

But whatever be the cause of this vicissitude in 
the ve^table reign, the decay and fall of the leaves 
have been favourite themes with poets and philo- 
aophers. The first they furnish with beautiful de- 
scriptions; tlie latter with solemn contemplations 
and pathetic moral sentiment. There is something, 
indeed, extremely melancholy in that gradual process 
by which the trees are stripped of afl their beauty, 
and left so many monuments of decay and desolation. 
Homer, the venerable fatlier of poetry, has deduced 
from tins succession of springing and falling leaves, 
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a wry ^ipmiU! coni|>nri)iui) lor tbe transitory geno* 
HoDB of men : 

Like Imvm oil. trees the race of man is rouoil. 

Now grern in youih, now withering on the gmuttil. 

AnniheT nee trie fallowing epring ciippUes, 

Thefy fall joccesiiTe, >nd succewive rue; 

So ernetalLons in their course decaj. 

So fioutJih these, when thoie are paal awiy. ton. 

The autunina] forest, it has been justly ob" 
B^^ed', ' is an instrument easily untuned. One 
■fi-osty night, or parching blast, may introduce soDK 
Striking discord ; though, on the ot]ier band, it is 
true, by soflcning some discordant tint, it may as 
ea^y introduce a hannony which did not exist be- 
fore. Here art comes to tJie aid ot' nature. Tke 
pencil fixes tbe scene in tbe bappy moment ; «nd the 
fading tints of autumn become perennial. 

* I have known some planters endeavour, in thei 
impnivements, to range tlieir trees in Euch a num- 
per, as, in tlie wane of the year, to receive all the 
beauty of autumnal covering. The attempt is vaip) 
unless tliey could so command the weatlier as to 
f^eck, or produce at pleasure, those tints, whicb 
li&tiire liath subjected to so many accident. A 
general direction is all that can be ^ven. Oak is 
rarely in discord; but beech and elm can as rarely 
be depended on. All must^be lefl to chance ; and 
after the utmost that art can do, the wild forest, 
with its casual discords and monotonies, will pre- 
sent a thousand beauties, which no skill of man can 
rival. 

' Thus the beauties of the waning year are fixed 
fatlier by the weather than the calendar. We often 
see them vanish in October ; and we sometimes aeea 
fine autumnal effect in the banning of November : 

I See Gilpin's Forest Scenery, vol. i, p. 269. 
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IT, even later, we may trace the beauties ci the 
dinhig year, and 

Catch the last smile 
Of autumn beaming o*er the yellow woods. 

' Even when the beauty of the landscape is gcme, 
i charms of autumn may remain. After the rage 
summer is abated, and before the rigours of win- 
are yet set in, there are often days of such hea- 
dy temperature, that every mind must feel their 
act Thomson, to whom the beauties of nature 
re familiar, thus describes a day of this kind :-— 

The morning shines^ 
Serene in all its dewy beauties brisht. 
Unfolding fair the last autumnal cuiy. 
0*er all the soul its sacred influence breathes. 
Inflames imagination, through the breast 
Infuses every tenderness, and far 
Beyond dim earth exalts the swelling thought. 

the jHcturesque beauties of autumn we may add, 
t the setting sun, at that season, is commonly 
ler than when the days are of the same length in 

spring, or, indeed, at any other season.** 
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ON THE CHAIN OF BEINGS IK THK 
UNITER8B. 

Look round our world ; beholJ ihe chain of love 
Combining all below end ail above, ton 

But how preservni 
The chain mibrckeii upward, tu the realmt 
Of incot()ort3l life— ihose realms of bliw 
Where Deaih hath no dominion ? toqhD' 

ALL the beings in this world, whether animal or 
'vegi?tahte, have a mutual connexion and dependence. 
There is a graduated scale or tJiain of existence, not 
R link of wliich, how insignificant soever, coutd be 
broken, without affecting the whole. Uothinldng 
men are apt to wonder, lor instance, at the design « 
Providence io producing certain insects and reptiles. 
They do not consider, that the annihilation trf any 
one species of these creatures, although Gome m 
them are even noxious to man, would ntake a blank 
in the creation, and prove destructive to other crea- 
tures that feed upon Uiem. The destruction of these, 
in their turn, would occaaon the destruction of other 
species ; and the system of devastation would gra- 
aually proceed, till man himself were ext'u^ted.and 
the earth left destitute of animation. 



I 



He, whn through vast immensitj' can pierce. 
See worlds on worlds conipoae oni 
Obsetve haw system inlo 9|9teni r 
What other planets circle other si 
What varied being in 

the beatings and the i . 
"■""' -'""dependencies. 
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Gradations just, has thy pervading soul 

Looked through ? Or can a part contain the whole ? 

POPE. 

Man is certainly the chief link in the chain of 
animals; and all the other links descend from him 
by almost imperceptible gradations. As a rational 
animal, highly improved by science and the arts; 
and, more particularly, from the capacity of rehgious 
biowledge, which, oi all the creatures of this world, 
be alone possesses ; he is, in some measure, related 
to Beings of a superior order, wherever they exist 
By contemplating the works of creation, he rises to* 
some faint idea of its great Author.-^-But why, it 
lias been asked, do not men possess the capacity and 
powers of angels ? With the same propriety, it may 
oe asked, why have not brutes the mtellectual facul- 
ties of men? Questions of this kind proceed from 
the petulance of ignorance and j^resumption. Every 
oeature is perfect, according to its destmation. Ex- 
ah or depress any order of bein^, the whole system, 
of course, would be deranged, and a new world 
would be necessary to contain and support them. 
Particular orders oi beings should not be con^dered 
separately, but by the rank they hold in the general 

2 stem. From man to the most minute animalcule 
at can be discovered by the microscope, the chasm 
seems to be infinite : but that chasm is actually filled 
up with sentient beings, of which the lines of^^discri- 
mmation are almost imperceptible ; and all of them 
are endued with certain degrees of perfection propor- 
tioned to their respective stations in the universe. 

See, through this air, this ocean, and this earth. 
All matter quick, and bursting into birth. 
Above, how high progressive life may go ! 
Around, how wide ! how deep extend below ! 
Vast chain of being! which from God began. 
Natures ethereal, human, angel, man, 

VOL. II. L 
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Beui, bird, bih, iiii«ct, wliat tin eye cau Me, 
No ^lastcun reach; fioin Infiaite Is tbee, 
Ftoui ihee lo QOlhing. 
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Even among mankind, which ia a particular spe- 
des, the scale of intellect is very extensive; the 
tWrccs of inlelligence extremely varied. What s 
difference, for inBtancc, between the enlightaied 
philosopher of Europe, and the bnital savage of 
New Holland ! Still, however. Nature observes, for 
the wisest purposes, an uniform plan of gradation, 
Were all men philosophers, the business (rf life conUb' 
not be executed, and neither sodety, nor even the 

rcies, could lone exist. Industry, various d^ree< 
knowledge, diiferent dispositioiis, and di^retit* 
talents, are great bonds of sodety. Nature, indeei^, 
has formed the human species, as it were, ioto casts 
or ranks. To some she gives superior genius ani 
mental alulities; and, even of tliese, the views, dtc 
pursuits, and the tastes, ai-e wonderfully 



Of social life to differenl labours ui^ 

The active powers of man, with wisebt ure 

Halh Nature on the multiiude of pinds 

ImptMsed a various bias ; and lo each 

Decreed its province in the common tntl. 

To some she laugbt the fabric of the sphere. 

The changeful moon, the circuit of the stars. 

The golJen loiies of heaven. To soqib she gave 

To search the ilory of eternal ihooghl; 

Of space, and lime; 'if fate's unhrolicn chain. 

And will's quick moremeni. Othen by ijic hand 

She led o'er vales and rnouDtuins, iq explore 

What healing virtue dwells in every veiu 

or herbs or trees. But some to nobler hopes 

Were destined i some within a finer mould 

>UEht, nnd tempered with a purer flacae- 
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Tbi( pictuce of llie woild. Through everj part 
They trace ihe lofty siteiches of his hand : 
In earth, or air, the meadutv's flowery sUire, 
The muon's mild radiance, or the virgin's mien 
DreiseU in altractive smiles, tliey see pourtrayej 
(As far 11 murtnl eyes the portritit scan) 
. TJiose lineamenli of beamy tvhich delight 

"" e Mind Supreme. They also feel their force, 
iinuted : they partake the eternal joy. 



e talents and qualities of quadrupeds of tl 
■Be species, there are often remarkable oifierence 
[bese differences arc conspicuous in the various rac 
f horses, dogs, Stc Even among the same r 
BHK are bold, sprightly, and sagacious : others a 
unpBcatively tinud, phlegmatic, and dull. 

Our knowledge of the chain of intellectual s 
orpareal beings is very imperfect ; but what w 
nov affiirds the most exalted ideas of the va 
od progression which reign in the universe, 
mpenetrable cloud prevents our discerning the c 
leautiful and magnificent parts oCthis immense cli _ 
if b^ngs. I shsJI endeavour, however, to point a 
1 few of its more obvious links, which falj under 01 
imited obser\'ation. 

Man, even by his external qualities, stands at tl 
lead of tliis world. His relations are more cxten^VI 
liaa those of any other animal : his form is 11 
idTantageous. His intellectual powers, when i 
nruved by society, science, and rehgion, exalt h 
li^, that, if nodegreea of excellence cxistedamor 
it own species, he would leave a great void in t 
jiain of beings. Were we to consider the character 
he manners, and the genius of different nations, < 
lifio'ent provinces and towns, and even of the met 
lers of the same family, we sliould imagine that tl 
pecies of men were as various as tlie numbers of 
tdividuals. What gradations, as I have already 
t— rve d. may be tr^ed between the stupid savage ' 
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and the enlightened philosopher ! Here the disUni 
is immense; but Nature has filled the whole wit] 
almost iniiiiite shades of discriminati 

In descending the scale of animatjon, the neict 
step (which it IS humiliating to remark} is very 
sliurt, Man, in his lowest condition, is evident^ 
linked, both in the form of his body and the c» 
pacity of ht9 mind, to the large and small onia 
otans. These again, by anodier slight gradatioli 
are connected to the apes, which, liKe the formoy 
have no tails. From the apes to the baboons tfac 
interval is hardly perceptible. The true apes hate 
no tails; and those of the baboons are very FJiMt<i 
The monkeys, which form the next link, have long*. 
tails, and terminate this partial chain of imitatn&> 
animals, which have such a mortifying resemhlanoe 
to our &ame and manners. 

When we examine the characters by which bough 
ore distinguished from each other, we perceive thati 
some of them are more general, and include a greats 
variety than others. Hence are derived ail oiir &•> 
stributions into classes, orders, genera, and ftaeaAt 
Between two classes, or two genera, howe>'er, Natatei, 
always exhibits intermediate productions, so 
allied, that it is extremely uifficult to ascei 
which of them they belong. The polypus, 
multiplies by shoots, or by sections, trom its bod] . 
connects the ajiimal to the vegetable kingdom' 
Those worms, which lodge bi tubes composed of 
sand, seem to luik the insects to the fihell and cnis- 
taceous ajiimals. Shell animals and crustaceotis Iiw 
sects make, Ukewiae, a near approach to each other> 
The muscles and instruments of motion in bothil 
are attached to external instead of internal bonea-| 
From reptiles, the degrees of perfection in ani 
life and powers proceed in a gradual but not im] 
ceptible manner. The number of their or( 
md the general coolbrmation of their 
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i^;in to have a greater analogy to the structure of 
h^ animals which we are accustomed to consider 
s belon^ng to the more perfect kinds. The snake, 
7 its form, its movements, and its mode of hving, 
i evidenthr connected with the eel and the water- 
orpent Like reptiles, fislies, in general, are covered 
ritn scales, the colours and variety of which often 
naUe us to distinguish one species from another. 
rhdr fins, from the medium in which they live, are 
nalogous to the wings of birds. Their heads, like 
hose of reptiles, are immediately connected to their 
lodies, without the intervention of necks. The 
lying fishes, whose fins resemble the wings of bats, 
nm one link which unites the fishes to the feathered 
libes. Aq|uatic birds, by a gentle gradation, suc- 
eed the fiying fishes. 

The transition from fishes to quadrupeds is al- 
QOfit imperceptible. The sea^lion, the morse, the 
rhale, the crocodile, the turtle, the seal, have such 
esemblance both in their external and internal struc- 
ure, to terrestrial quadrupeds, that some naturahsts, 
a their methodical distributions, have ranked them 
mder the same class of animals. The bat and the 
lying squirrel, which traverse the air by means of 
nembraneous instead of feathered wings, evidently 
xmnect quadrupeds with birds. The ostrich, the 
asaowary, ana the dodo, which rather run than 
ly, form another link between the quadruped and 
toe bird. 

Far as creation's ample range extends, 

The scale of sensual, mental powers ascends : 

Mark how it mounts to man*s imperial race. 

From the sreen myriads in the peopled grass \ 

What modes of sight betwixt each wide extreme^ 

The mole's dim curtain, and the lynx's beam : 

Of smell, the headlong lioness between. 

And hound sagacious on the tainted green : 

Of hearing, from the life that fills the flood. 

To that which warbles through the vernal wood ! 
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Tlie *pider'« touch, how exi^uisilely fine 1 

Feels alc»ch ihtead, and lives alung ihe line! 

In the oice bee, what tense %o tabuf true 

From poiMDoiK herbi exuacii the healing dew. 

How initinci vari«i \a the "toveling iwiiie. 

Compared, tiLi I r- reasoning elephant, wiih thine! 

Twixt that, and Reason, whit a nice barrier! 

For ever ceparate, vet for ever near 1 

Remembrance and Reflection how allied ; 

What ihiD partiuons Sense from Tboughl divide I 

Aiid middle naiuree, l)Ow the; long to Join, 

Yet never [am Ih' insuperable line 1 rOIV 

Among the vajiety of reflectiom to tvhu-h lliii 
subject may lead lis, one of the most striking is, the 
consideration of the arrogance aiid folly of niaii, In 
supposing himself to be tlie masterpiece, and Hits 
end, of the whole creation. How low and contracted 
our views, to inia^ne that the fulness of the Divme 
Power and Wisdom has been exhausted upon a frail 
and impotent creature, who pTObably is the lowest 
in the scale of rational l)eingB ! It is much mors 
con^stent with tlie attributes of the great Creator 
to suppose, tlittt we, who are next to the beastsolOw 
field, are far from making the nearest approschcH, 
without any intei-mediate order of beings, to liie 
oU-perfect Deity ; thai, as on uninterrupted chvo 
of beings descends from man to brutes, tirom brutei 
to imperceptible insects, it ascends, likewisej by » 
beautiful gradation, from man to angel, to arai- 
angel, and to inconcc^ivable orders of celestial E^nnt& 
How sublime, how unutterable tlie idea of such i 
gradation from man, to the most exalted of thow 
beings. Yet the dignity of these beai-a no mora 
proportion to that of Him who dwells in unajK 
prt^chable glory, than a gilded cloud, on which tli 
erening sun has impressed his beams, and enriclic 
with beautiful stiuns, does to that great tdiyss < 
light from wliieh it derives its reflected Ijcauly. H 
can still create beings, which shall a^ much surpas 
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archaii^ls t>f the hi^est order, as ihey sutpass the 
most despicable insect: for every nature, how ex- 
alted soever, must be infinite desoents bek/t? an 
All-perfect Being. 

Considerations of this kind open to man the bliss- 
Ibl scenes of immortality. They teach him to look 
iip to the Supreme Bemg with the most profound 
veneration, the most hearaelt gratitude, and the most 
kvout asrorations ; and, by gradually improving his 
nond ana intellectual powers, to rise, at last, n*om 
m present station in tne universe, to the rank and 
Uiaty of celestial beings. 

Say, why was man so eminently raised 

Amid tHe vast creation ; why empowered 

Through life and death to dart his watchful eye. 

With thoughts beyond the limit of his frame ; 

But that the Omnipotent might send him forth^ 

In sight of ansels and immortal minds. 

As on an ample theatre to join 

In* contest with his equals, who shall best 

The task achieve, the course of noble toils. 

By wisdom and by mercy preordained ? 

Might send him forth the sov*reign good to learn ; 

To chase each meaner purpose from his breast ? 

And through the mists of passion and of sense. 

And through the pelting storms of chance and pain. 

To hold straight on with constant heart and eye. 

Still fixed upon his everlasting palm. 

The approvmg smile of Heaven ? 

For, from the birth' 
Of human kind, the sov*reign Maker said. 
That not in humble, nor in brief delight. 
Not in the fleeting cchos of renown. 
Power's purple robes, nor Pleasure's flowery lap, 
The soul should find contentment ; but, from these 
Turnine disdainful to an equal good, 
Through Nature's opening walks enlarge her aim. 
Till every bound at length should disappear. 
And infinite perfection fill the scene. akensidr. 

These sire thoughts that make man Mao, 
The wise illumine, aggrandize the great. 
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How greatf in the wild whirl of Time's pursuits. 

To stop, and pause, involved in high presage. 

Through the long vista of a thousand vears. 

To stand contemplating our distant selves. 

As in a magnifyins mirror seen. 

Enlarged, ennoolcS, elevate, divine 1 

To prophesy our own futurities ! 

To gaze in thought on what all thought transcends! 

To talk, with fellow-candidates, of joys 

As far beyond conception as desert ! 

And, oh, how great 
To mingle interests, converse, amities. 
With all the sons of Reason, scattered wide 
Through habitable space, wherever bom, 
Howe'er endowed ! To live free citizens 
• Of universal nature 1 To lay hold 
By more than feeble faith on the Supreme! 
Tlo rise in science, as in bliss. 
Initiate in the secrets of the skies ! 
To read creation ; read its mighty plan ! 
The plan, and execution, to collate ! 
To see, before each glance of piercing thought. 
All cloud, all shadow, blown remote ; and leave 
^ No mystery— but that of Love Divine ! youKG* 
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No. LXIII. 

On the PRINCIPIiE OF ASSOCIATION. 

Far^ far away, whose passions would immure. 

Id your own little hearts, the joys of life ! 

Know, for superior ends, th* Almighty Power 

Breathes o*er the foodful earth the breath of life. 

And forms us manifold; allots to each 

His lair peculiar ; wisdom^ wit, and strength 5 

Wisdom, and wit, and strength, in sweet accord. 

To aid, to cheer, to counsel^ to protect. 

And twist the mighty bond. Thus feeble man, 

Wiih man united, is a nation strong ; 

Builds towery cities, satiates every want. 

And makes tiie seas profound, and forests wild. 

The gardens of his joys. dybr. 

Nor think, in Nature's state they blindly trod ; 

The state of Nature was the reign of God : 

Self Love and Social at her birth bespin. 

Union the bond of all things, and of man. pops* 

IN my former paper I was engaged in the sublime 
cmtemiMation of the chain of beu^ in the universe; 
in whidi an infinite variety of oroers rise. 

From the mute shell-fish gasping on the shore. 

To men, to angels, to celestial minds. akensioe. 



I win now descend to our world, that comparatively 
nmnite part of our creation, and inquire into the 
ninciple of Association, by which the soverei^ 
Killer of All has connected its innumerable m- 
liabitants. 

Seme learned men have contended, that the na- 
tural state of man is a state of solitude and war. 
Others maintain, on the contrary, that the state of 
man in society is his natural state; and to this 
opiojon I am led to accede, by an attexx^ks^ ^ 

l5 
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■ervation, not of man alone, but of many 
orders of animated nature. 

Love, the first prindple of the universe, and of 
all created beings, inspires them with a natural in> 
dination to unite. The birds that fly in the air, 
the animals that inhabit the eart]i, tlie dshes that 
Tove in the water, all live in a kind of sodety, 
which has laws proportionate to theu' nature and 
their wants. Beasits, birds, and the inhabitanti of 
the floods, assemble at the approach of danger. 
Bees asust each other in thdr exigencies; and a 
oock, in a farm-yard, will defend the lien of liis 
feilow-cock. In a word, we have only to observe 
the face of Nature, in order to be convinced, tiai 
all anbnals have an idea of property ; an idea, whidi 
19 the necessary and absolute consequence of self- 
love, of the desire of preservation, and of hapjaness, 
which is natural to every being. 
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God, in the natare of rach being, faunrlB 

It! proper blisi, and sets its proper bounds : 

But as he reamed a whole, the whole to bless. 

On mutual wants, built muiual happiuess; 

So from Ihe lirst, eternal order isn. 

And creature linked to creature, man to man. 

Whate'er of life all-qiiickeniog ether keeps, 

Ot breathes ihrongh air, or shoots beneaih the deeps, 

Or pours profuse oa earib, one nature feeds 

The vital flame, and swells the genial seeds. 

^ol mcin atone, but all that roam the wood. 

Or wing (he skvi or roll alune the Rood, 

Each loves itseff, bul not itself alone. 

Each sex desires alike, till two are one. 

Nor ends the pletuure wiih the fierce embrace ; 

They love ihemselves, a third lime, in their ra<9e. 

Thus beast and bird their commun charge attend. 

The mothers nurse il, and the sires defend ; 

The joung dismissed to wander earth or air. 

There stops ihernslinct, atid there ends the care; 

The link dissolvet, each seeks ■ fresh embrace. 

Another love sucEeeds, another race. FOI 
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Wpo r&xXrtk to man, let us consider him as in a 
Wk of perfect solitude. Will not the first c|uesti(ni 
^«ow came he there ? Is not his very existence a 
Itorf of a previous society ? But let Ws consrifcr him 
^n as perfectly Unconnecteti, if it be possible, xcA 
nthout any regard to his origin ; will iie not coB- 
Uintly feel a natural impulse to propagate his spe- 
ies ? AVill he not incessantly seek a companion to 
atisiy that desire? And if he find one, is not this 
be c ommencement of sodety ? 

^Brtnn this first state of society a third human being 
^■uduDed, who comes into tlie world destitute of 
H4eaet abihW to provide for his wants. At the 
Hy instant of'^his bulb, lie would perish, if Nature 
had not pven his pmvnts a love toward him, an in- 
I'lination to nourish and support him. The Autiior 
of Nature has given milk to his mother for Ms sus- 
ienance, and strengtli to the father, to protect llie 
mother and the child, and to provide them with 
subsistence. These are evident proofs of the natural 
ttudabsoluteneccssity of society. But Irom the same 
lather and motlier are bom several children ; and 
these form a family. These children render to their 
palate, in their old age, wliat thw recMVtd from 
them in their infancy : they proK«t than ft-om in- 
luries, and supply tliem with necessaries, when thdr 
ilTtngtIi decays, and Uicy arc no longer able to pro- 
ride for diemselves. Is this innate love, this at- 
achment, or this instinct, which men and brutes 
lave for the brinjgs to which they have ^ven exi^- 
?nce, a <n*cumstance of no consideration P Even Ae 
imallest of the feathered tribes have been known to 
)ursue through Bie air those birds that have i-obbed 
hem of their young, and to endeavour, at the ha- 
;ard of their own lives, by incessant eftfarts an3 
amentationB, to regain them. These very birds re- 
nain unconcerned, or tode themselves in meir nests, 
rfcen the terd of prey passes by with other yt 
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ees of the same tribe in his talons. Objects of tlui 
id are conunon in the country ; and they prove, 
^leyoiid dispute, that property is a natural and Wr 
Reparable attribute of the existence of every bein^ 
The mother, in this instiince, seems to cry out, ItB 
jny child. And is man formed differentfy ? Is he 
alone bom without love, and without luterestP 

A longer csre man's helpless kind demands ; ' . 

The longer care coniracis more Idsting bauds : , 

Rcfleclion, reason, still the ties improre. 
At once extend ihe interest, and the lore : 
With choice we fix, with sympathy we hum ; 
£ach virtue in each passion taki» its turn; 
And >til1 new needs, new help^, new habits tiie. 
That graft benevolence on charities. 
Still as one brood, and as another rose. 
These natural love maintained, habitual those t 
The last, scarce ripened into perfect man. 
Saw helpless him from whom their life began : 
Memory and forecast just returns engage. 
That pointed back to youth, this on to aee ; 
While pleasure, gratitude, and hope coroDtned, 
Still spread the interest, and preserve the kind. 



The first natural condition of mankind is luiquea- 
tioiuibly the union of a male and female. Theae 
produce a family, who, from necessity, or, in other 
words, from parental and filial affection, condnue 
together, and assist each other in procuring food and 
shelter. This family, like most families In established 
civil societies, feel thar own weakness, and theai 
inabihty to supply their wants without more power- 
ftjl resources than their own feeble exertions. When 
this wandering and defenceless family accidentally 
meet with another family in the same condition, 
Natiu^ teaches them to unite for mutual support 
and protection. The association of two famiUes may 
be con^dered as the first formation of a tribe or 
nation. Whea a number of tribes happen to unite, 
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they only become a larger or more numerous nation. 
A single pair, it is true, if placed in a situation 
irbere plenty of food could oe procured without 
Bach laoour, might, in a succession of ages, produce 
any indefinite number; and this is precisely the 
sdiation in whidi Moses, in his history of the crea- 
tioD, has placed our first parents. In his account 
of the origin of society, it may be observed, more- 
over, that the longevity of men, in the first ages of 
the world, was highly lavourable to a speedy popu- 
lation. 

In countries thinly peopled with savages, it is ex- 
tranely probable that societies are formed by the 
gradual union of families and tribes. The increase 
of power resulting from mutual assistance, and a 
thousand other comfortable circumstances, soon con- 
tiibute to cement more firmly the associated mem- 
bers. Some of the arts of life, beside that of hunt- 
ing, are occasionally discovered, either hy accident, 
by the ingenuity of individuals, or even from an ob- 
servation of tlie labours of the inferior animals in the 
creation* 

See Man from Nature risins slow to Art ! 
To copy lostinct then was Keasoifs part. 
See then to Man the voice of Nature spake—* 
' Go, from the creatures thy instructions take : 
Learn from the birds what food the thickets yield ; 
Learn from the beasts the physic of the field ; 
Thy arts of building from the bee receive ; 
Learn of the mole to plough, the worm to weave ; 
Learn of the little nautilus to sail. 
Spread the thin oar, and catch the driving gale. 
Ilere too all forms of social union find. 
And hence let Reason, late, instruct mankind : 
Here subterraneous works and cities see ; 
There towns aerial on the waving tree. 
Learn each small people's genius, policies. 
The ant*s republic, and the realm of bees; 
How those m common all their wealth bestow. 
And anarchy without confusion know -, 
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And thne for ev«r, though a monnrch reign, 
Thrir wpaiMe c«ll« and propcriies niiiiutain. 
Mark vi\w unvaried lews preseive etch slate, 
l^wi wise as Nature, and as lixeil as Faic' 

Great NiMire ipuhe; ohsetvant Man obeyed i 
Ciiiei were built. Moieties were made; 
Here rose one Uliie stale ; another near 
Grew by tike means, and joined, ihroi^hloveorfcAi, 

The advances from the savage to the ci^'ii!ZEd 
sUte of luuikind thus appear to be gradu^. ThU 
is a very concise view oi the origin of society, wlttdl 
has been adopted by inoHt authors, both ancient and 
modern ; for, not to enumerate the various famnfiil 
theories of others, the origin of society must, dUr 
all, be derived from its real and only source, NaluiB 
hCTself. 

That the associating principle is instinctive hordl)^ 
requires a proof. An appeal to the feehtlgs of any 
human being, and to the universal condition of man- 
kind, is sunicient. These feelings, it may be saij, 
are acquired by education and habit. By these 
causes, it is true, our social feelings are strengdi«>ed 
and confirmed : but tlieir ori^n is coeval with the 
existence of tlie first human minfl. Let any man 
attend to the eyes, the features, and the gestures of 
a child upon the breast, wlien another child ie pre- 
sented to it; both instantly, jsevious to the pos- 
sibihty of instruction or habit, exhibit the most evi- 
dent expressions of joy. Their eyes sparkle ; thor 
features and gestures demonstistc, in the most un- 
equivocal manner, a. mutual attachment, and a strong 
demre of approadiing each other, not with » hostile 
intention, but with an ardent aflectJOTi, which, in- 
that pure and uncontanunatcd state of our being, 
does honour to human nature. When farther ad- 
vanced, children who arc strangers to each other, 
although tlieir social appetite is equally strong, dis- 
cover a mutual shyness of npproacn. This shyness 
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fn: modesty, however^ is soon conquered by the more 
powerful mstinct of association. They daily mingle 
and sport together. Their natural affections, whidi, 
at that period, ajre strong, and unbiassed by those 
selfish and vicious motives which too often conceal 
and thwart the intentions of Nature, create warm 
fiiendships that frequently continue during their 
fives, and produce the most beneficial and cordial 
effects. When we thus see with our eyes, that the 
asBociating principle appears at a perioa much more 
early than many of our other instincts, who will 
attend to such writers as deny that man is naturally 
an associating animal ? 

The advantages which we derive from association 
are innumerabk. Man, from the comparatively 
great number of instincts with which his mind is 
endowed, necessarily jpossesses a portion of the rea- 
soning faculty highly superior to that of any other 
animm. He alone enjoys the power of expressing 
and commtmicating his ideas by articulate and arti- 
ficial language. This inestimable prerogative is, 
peihaps, one of the greatest secondary bonds of 
society, and the greatest source of improvement to 
the human intellect Without artificial lan^age, 
ahfaoug^ Nature has bestowed on every animaJ a 
mode of expressing its wants and desires, its plea- 
sures and pains, ^at an humiliating figure would 
the human species exhibit, even upon the supposi- 
tkio that they did associate ! But when association 
and language are conjoined, the human intellect, in 
the progress of time, arrives at a high degree of 
perfection. Society ^ves rise to virtue, honoiir, 
gDvenmient, subordination, arts, science, order, hap- 
piness. All the individuals of a community conduct 
themselves upon a regulated system. 

First gathering men their natural powers combined. 
And formed a Public ; to the general good 
Submitting, aiming, and conducting all. 
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Hence every form of cultivated life 

In order set, protected, and inspired. 

Into perfection wrought. Uniting all 

Society grew numerous, high, polite. 

And happy. Nurse of art! the city reared. 

In beauteous pride, her tower-encircled head. 

Then Commerce brought into the public walk 

The busy merchant. 

Then too the pillared dome, ma^nific, heaved 

Her ample roof; and Luxury within 

Poured out her glittering stores ; the canvass smooth, 

With glowing life protuberant, to the view 

Embodied rose ; the statue seemed to breathe. 

And soften into flesh, beneath the touch 

Of forming Art. 

The gift of Social Labour these ; whate'er 

Exalts, embellishes, and renders life 

Delightful. 

He, the kind source of every gentle art. 

And all the soft civility of life ! 

Pensive Winter, cheered by him, . 
Sits at the social fire, and happy hears 
Th' excluded tempest idly rave along ; 
His hardened fingers deck the gaudy Spring; 
Without him Summer were an arid waste ; 
Nor to th* Autumnal months could e*er transmit 
Those full, mature, immeasurable stores. 
That beauteous wave around. Thomson. 
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No. LXIV. 

Off THE FEATHERED CREATION^ 

Vidcmus 
Frondiferasque novis avibus canere undique sylvas. 

LUCRETIUS. 

InDomerous songsters, in the freshening shade 
Of new-sprung leaves, their modulations mix 
Mellifluous. Thomson. 

THE vocal groves, and the woodland choristers, 
Iiave been favourite themes with the bard, whom the 
We of Nature inspires, and whose breast is formed 
bjr virtue to a true relish for her charms. 

In Milton, the angel Raphael, describing the 
creation of the world to Adam, forgets not the fea- 
thered tribes: 

Meanwhile the tepid cavts, and fens and shores 

Their brood as numerous hatch, from th' egg that soon 

Bursting with itindly rupture forth disclosed 

Their callow young, but feathered soon and fledged 

They summed their pens, and soaring th* air sublime 

With clang despised the ground, under a cloud 

In prospect : there the eagle and the stork 

On clins and cedar tops their eyries build : 

Part loosely wing the region, part more wise, 

In common, ranged in ngure wedge their way. 

Intelligent of seasons, and set forth 

Their aery Caravan high over seas 

Flying, and over lands with mutual wing • 

Easing their flight : so steers the prudent crane 

Her annual voyage, borne on winds ; the air 

Floats, as they pass, fanned with unnumbered plumes : 

From branch to branch the smaller birds with song 

Solaced the woods, and spread their painted wings 

Till even, nor then the solemn nightingale 

Ceased warbling, but all night tuned her soft lays : 

Others on silver lakes and rivers bathed 

Their downy breast 3 the swan with arched neck 
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fielwcen her while wings mantliiiK ptoudty, cowt 
Her stale with oarj feei v yet oft iney quit 
The (tank, and rising on siilT penneoi, loxver 
The mid aerial iky. Others on ground 
Walked firm ; ihe creiieil cock whose clarion tound) 
The liient hourg, bdcI th' other 'whoie gsy iraiD 
Adorns him, coloured wtlh ihe florid hue 
Of miiiboive and stnriy eyes. 

Nor can that delightful series of pictures, so truly 
expressive of the general spirit tliat pprrades iHe 
Spring, which Thomson lias formed on the variety 
of circumstances attending ' the p.isaoQ of the 
groves,' escape the notice and attention of the mott 
negligent eye. With him we see the gay tw 
b^in to plume the panted wing, and try a^dn 
long-forgotten strain. The woods resound witnlawA 
harmony. Attentive to the voice of love, ye 1» 
bold tlic ^ossy kind poui- &rth their httlc souk in 
courtship to their mates. Having formed eotUlldnH 
leagues, they retire to their respective haubts, 
huud their nests with irumitable skill. The pare 
cares now engage their attention; and with what 
courage, and with what art, do they employ the vfr 
ried stratagem, to divert from their tender pn^ny 
the rude foot tliat would molest them ! How sweet^ 
too does the poet lament the barbarous art tliat de- 
prives the soft tribes of'liberty and boundless airl 
How pathetically bemoan the misery of the nightin 
;ale, when, returning to her young with losdef 
lill, she finds a vacant nest, robbed by the han 
hand of some unrelenting clown ! What a pctiut 
does he exhibit, when the feathered vouth wet ab 
tempt to fly; when, the last glad office done, pft 
rental love, grown needless, dl"isolves at once I Nm 
does he forget the royal eagle, in his towering seali 
nor the cawing rook in his airy city; nor the V "" 
ous policy of the mixed domestic kind '. 

' Spring, lioe 56g to 7Be. 
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U is this Mighty Breath, ye sages say, 
t> in a powerful language, felt, not heard, 
ticts the fowls of heaven ; and thro* their breast 
te arts of love diifuscs ? What but God ! 
iring Godl who, boundless Spirit all, 
unTemittiiig £nergy, pervades, 
ists, sustains, and agitates the whole, 
caseless works alone ; and yet alone 
\s not to work ; with such perfection framed 
is complex stupendous scheme of things ! 
tho* concealed to every purer eye 
informing Author in his works appears : 
ff lovely Spring, in thee, and thy soft scenes, 
smiling God is seen ; while water, eartli, 
air^ attest his bounty : which exalts 
bmte creation to this finer thought, 
annual melts their undesigning hearts 
jsely thus in tenderness and joy*. 

3s may certainly be ranked among the most 
fill creatures in the world. The structure and 
madon of their bodies, even of their minutest 
is so regular and perfect, as to exhibit the 
omvmcing proofs of the wisdom and provi- 
of God. The mechanism that produces the 
s motions of the winged tribe is wonderful, 
goatomical descriptions contained in the trea- 
n ornithology, or the natural history of birds, 
tremely cunous and interesting. But, not to 
into a detail that would be too extensive for 
nits of this paper, I shall be content, on this 
to quote the oDservation of M. Vicq d'Azyr, 
;enious French naturalist : * It is particularly 
Y of observation, that in comparing the mus- 
id bones of birds with those of the human spe- 
ihe analogies are found to be much greater, 
tore striking, than could have been expected, 
ering the httle resemblance there is between 
temal forms of these two classes. This evinces j 
3autiful uniformity that reigns in the greai 

» Spring, line 840, &c. 
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scheme oi" nature, and that in orders of beiiig w 
difFerent. It is also a remarkable proof of nnal 
causes, when we consider tJial the diver^ties of tkit 
otherwise uniform ftlan, are exactly suited to the 
nature, structure, and ntotioos, which characteiiM 
each class'.'' 

The bodies of birds arc formed, in every part, 
witli such skill and harmony, as to be perfectly con- 
formable to their manner of living, and to tlieir re> 
spective neccs^ties. The stork and heron, wluch 
are obliged to seek their food chiefly in the raarshEi, 
have long bills, and also very long legs, that ihey 
may run into the water without wetting their w- 
dies, and yet reach their prey at a distance. The 
bills of woodcocks, snipes, and other birda, which 
hunt for worms in moorish grounds, and which (aa 
Mr, Willoughby observes) hve also on the fat unc- 
tuous humours they suck out of the earth, are like* 
wise very loae; as are also the bills of curlews, and 
other sea-fowl, that himt for their food on the sand 
of the sea-shore. The eagle and vulture, wluch ar^ 
rapacious birds, have large wings, strong ta]on% 
and sharp^ged beaks. The hooked form of tli6 
bills of parrots is of great ser\-ice to them, in dimb^ 
ing, and catching hold of boughs. The upper tnll 
ofthis bird is filled with rows of cross bars ; and the, 
under bill, which is much shorter, shuts within ths 
upper, and draws agmst the roof of the mouth ; U 
wluch means a kind of mastication is effected, b^ 
fore the meat passes into the craw. Ducks, geeae^ 
and many others, have long broad bills, to enablif 
them to grope for their food in waters and muj. 
On the contrary, a thick, short, and sharp-edged 
bill is as useful to other birds, who have occawm tt^ 
husk and flay the grain they swallow. The wood, 
pecker's bill is strong, and sharp enough to dig 

i Paris, 1773. 
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Iioles, and build in the heart of the hardest timber. 
The loxia, or crossbill, whose bill is thick and 
Btnmg, with the tips crossing each other, breaLs 

ri fir-cones, apples, and omer fruit, to come at 
kernels, with such ease, as if the crossing of the 
Ull were for this service. The scarries have a long, 
iharp, narrow bill, compressed sidewise, and m 
eveary respect so weU adapted to the raising of lim- 
pets firom the rocks, that Providence seems to have 
named it on purpose to enable it to })Kocure that 
fish, which is its chief, if not its only food^ The 
bills of swallows are slender and sharp-pointed: with 
a very wide mouth, to enable them the more con- 
vmently to catch insects which are their food, in 
Adr swiftest flight — Moreover, in the bills of all 
birds, there is an admirable provision for the judg- 
ing of their food, by certain nerves calculatea pe- 
cimarly for that purpose ; small, and less numerous, 
m such as have the assistance of another sense, the 

2e, but large, more numerous, and thickly branched 
out to the very end of the bill, in such as hunt 
(a their food, out of sight, in water, mud, or under 
ground. — These observations on the structure oi' 
nirds, might be extended to many pages: I shall, 
therefore, only observe further, wiui respect to their 
tail, that Wiuoughby, Ray, and many others, ima- 

Ke its principal use to be to steer, and to turn the 
ly in the aur, as a rudder. But Borelli has de- 
monstrated, that this is the least use of it, and that 
it is chiefly to assist the bird in ascending and de- 
scending m the air, and to obviate the vacillations 



» The ease with which this bird, by means of its bill, can 
wise the limpet, is the more wonderful, as this shell-fish ad- 
heres so firmly to the rock, as to be separated with great diffi- 
culty by a knife. To some that adhered horizontally to the 
rock, Mr- Reaumur caused a line and weight to be affixed : 
the least weight capable of moving it, he found to be thirty 
poundsj and even this it resisted for some time. 
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of the l»ody and win^ : for. with respect 
turning to eitlier ade, it is performed by ' " 
and inctination of the body, and but very 
the asastanc« of the tail '. 

The instinct and industry of birds are in noUui^ 
more appiirent than in the building of their vests. 
How regular and admirable twe these btfJe edificw 
formed of such different materials : collected aao 
arranged with such judgment and labour, and con- 
structed with such elegance and neatness, without 
any otlier tools than a beak and two feet. 

To view the structure of that lillle wnrb, 

A bird's nest- Mark it well withiu, without, 

Nn tool had he that wrought, do knife lo cut, 

Nn nail to Ox, no boclhin lu insert, 

Nuelii« tojoin: liis li tile b«ak was all. 

Ami jet how neally finished! What nice hand 

With eveiy implciuent and meaus of art. 

And iwenij years apprenticeship lo booi, 

Coutd make me such another? Fondl; then 

We boast of excellence, whose ooblest skill 

Instinctive genius foils. villace ci 

Instinctive ingenuity is apparent in all Ihar nests., 
But the extraordinary subtlety of tile long-tabled 
titmouse deserves particular admiration. Wiln great 
art she builds her nest with moss, hair, and the webi 
ol' miders, cast out from them when they take thai 
flight*, with which the materinls are strongly tied 
tt^ether. Having neatly built, and covered hei 
nest with these material.^, she thatches it on the tc^ 

> Borelli de Mom Animalitim. 

* Spiders, which cannot fly, hare aa admirable Taciiliy 
convey ihemaeUei with speed and safely, by the help of the 
webs, or lome other artifice, to make ihrir bodies lighii 
than the air. I have with pleBsurc orien seen them dart 01 
thei[ webs, and sail away by the help thereof, Dcrhan 
I -Pligiico-Theologi/, book viii. ch. 4. 
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nth the muscus arboreiis ramosus^ or such like broad 
rhitish moss, to keep out rain, and to deceive the 
ye of any oae that might pass near it The in- 
oior part she lines with a great number of small 
nthers; with so many, that Mr. Derhani says he 
ookl not but admire how so small a room could 
Kdd them ; eq)ecially, that fiiey could be laid so 
lose and hanasomely together, to afford sufficient 
nom for a Inrd with so long a tail, and so numerous 
m issue as this bird commonly hath^ 

Mr. Pennant, in his accoimt of the taylor bird^ 
xliibits another instance of the wonderfiil effect of 
mimal instinct : ^ Had Providence (says he) left 
he feathered tribe unendued with any particular 
nstinct, the birds of the torrid zone would have 
)uilt their nests in the same unguarded manner as 
hose of Europe ; but there the lesser species having 
L certain prescience of the dangers tnat surround 
hem, and of their own weakness, suspend their 
tests at the extreme branches of the trees; con- 
dous of inhaUting a clime replete with enemies to 
hem and their young — snakes that twine up tlic 
x)dies of trees, and apes that arc perpetually in 
search of prey ; but, heaven-instructed, they elude 
he gfiding oi the one, and the activity of the otlicr. 
knne form their pensile nest in the shape of a purse, 
leep and open at top ; others with a hole m the 
aide; and others, still more cautious, with an en- 
zance at the very bottom, forming their lodge near 
he summit — But the litde species here described 
leem to have greater diffidence than any of the 
Dtfaers. It will not trust its nest even to the ex- 
tremity of the slender twig, but makes one more ad- 
vance to safety, by fixing it to the leaf itself. It 
picks up a dead leaf, and, surprising to relate, sews 
It to the side of a Hi-ing one, its slender bill being 

* Physico-Theology, book iv. ch. 13. 
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its needle, aiid its thread some line fibres : thelinio^ 
feathers, gossamer, and down'. 

The unerring instinct which guides every speoM 
of the Italherea race, in eonlriving the moat propa 
habiution for tlie hatchijig of ihdr young, instrudi 
them also lu repair \o the »tuation the most siutaUt 
ioT them, with respect to their food, their pleosuR, 
and their safety. Hence, the choice of each speoGi 
is invariably Uie same. Some repair to the rude 
thicket; some to the cleft or hofiow tree. Swne 
weave their humble nests in the grassy dale, or 
roughening waste. Others delight in sha^y bu)k^. 
in woodland solitudes, and unfrequented gloomt. 
Some build in the towerii^ tree, or inaccesable 
rock; and others prefer the vidnity of man, and take 
fihelter in his chimmes, or in his hospitable eaves. 

But who the various natioiii can declare 
That plougli with busy wing ihe peopled air ? 
Thesecleavelhectumblin^barkrorinsect food; 
Tho(B iliii the e rooked beak in kindred blood ; 
Some haiiin ihe ruihy moor, the lonely v/aaii ; 
Some balhe iheir silver plumage in the floods j 
Some (ty lo man, hit housholilgods implore. 
And gather round his hoipiinble door. 
Wail ihe known call, aod find protection there 
From all the lesser tyrants of Ihe air. 
The tawny eade seals hi) callow brood 
High on the cliff, and feast< his youti<!; with blood. 
On Snnwdon'B rocks, or Orkney a wide domain. 
Whoso betiling cliff} o'crhaog the western main, 

I Mr. Pennant has given a picture of this extraordioMj 
niece of architecture : the Hvi leaf, which servei for tis bull, 
being that of the mango-tree, with ilie nestallixed toil, and J 
the birds piojectiiig their liltic heads above the eniraoct of ' 
theit pendent habitations. He inforniG u) alio, that one oV { 
tlieae curious nests it preserved in the Briiish Museum. The 
colour of iheae lagtmouifying taj/lors is a light yellow; iti 
eggs are white) its length is three inches j iis weight only ' 



,n ounce i so that the malerials of the , 

'.t, are liot likely to draw down a habilatioD 
n so slight a tenure. Indian Znalegy, part i. 
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The royal bicd bis lonely kingdom formi. 
Amid the gathering clouds and sullen storms : 
Throu^ the wide waste of air he darts his sight. 
And holds his soundins pinions poised for flight; 
With cruel eye premeditates the war. 
And marks his aesiined victim from afar* : 
Descending in a whirlwind to theground. 
His pinions like the rush of waters sound j 
The fairest of the fold he bears away, 
And to his nest compels the struggling prey. 

BARBAVLD. 

Although the sparrows, in general, construct 
tlior nests under the tiles of houses, or in holes in 
the walls, some build them on the tops of trees. 
Tlu8 difference of atuation affords them an oppor- 
tumty of exhiUting a singular instance of instinctive 
sa^icity. In the nests built on trees they form an 
artificial roof, which covers the nest, ana {)revents 
the entrance of rain ; forming, at the same time, an 
opening under it : cm the contrary, when they build 
under cover, they abstain from this work of super- 
erogation. Instinct (says the celebrated Buffon) is 
manifested in this case, in a manner nearly analogous 
to reason ; as it supposes, at least, the comparing 
together of two ideas. In this httle race, there is a 
div^^ty of manners, and a more varied and per- 
fected instinct than in most other birds. This im- 
provement he ascribes to their frequenting human 
society. Th^ are in part domesticated ; but with- 
out beii^ subjected to it, or losing th^ independ- 
enoe. From this society they draw whatever suits 
their convenience, and in it they acquire that sub- 
tlety, circumspection, and improvement of the in- 
stinctiye £Eumlty, which is exhibited in the great va- 

> Doth the eagle mount up at thy command^ and make 
her nest on high ? She dweileth and abide th on the rock, 
upon the crag of the rock, and the strong place : thence she 
seeketh the prey, and her eyes behold afar off. Jol xxxix. 
27—29. 
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rietj of thrir habitK, relative to different situafiooi, 
BeasoQG, and other circuniKtunces '. 

I might here extend my observations to the incU' 
bation and. migration of "birds: but these shall be 
noticed in some future pages*. I shall only add, 
at present, that from the consideration of the pro- 
vidential care so evidendy manifested in tlie ^ 
servalion of the aerial trilies, the divine Teacher (^. 
our holy rehgion has drawn an argument to prevent 
our sinking mto anxiety and despondence, and to 
induce ua to rely with ^lial confidence and piety in 
the goodness of our heavenly Parent : ' Behold the 
fewli of the air: for tha/ sow ftot, neither do thy 
reap, nor gather into barns ; yet our heavenly Fa- 
ther feedeth them. Jre ye not much better than 
th^'i' 

Bchnld, and look awa; TOiir low deipalr ! 

Sec tli« lighi leoBnUof the batren nir ; 

To ihcm, nor stores, iiur Rriinaries belong ; 

Noughl, bui the wDuillana, and tUe uiejsing Bong j 

Vet, your kind heavcnlji Father bends his eye 

On the lensi vrjng that flits along ihe sky. 

To him they aing when spring renews the plaio. 

To him they cry in winter's pinching reign ; 

Nor is their muaic, or llicir plaint in vain : 

He hcari the gay, and l\\e dietrcs^rul call, 

And with una|iaring bounty fills them all. 

ir, ceaieless, ttien the fowls of heaven tie feedi, 

Ifo'et the fields such lucid robes he spreads; 

Will he not care for you, ye failhlEst, say ? , 

Isheunwisct Or, ate yelces than itiey ? THOMbOX^ 

I Hiatoire Naturelle Aes Oiseaui, tome iii. 

' The two succeeding Numbers are on the subject of 
migration; in No. lxviii. On the Imiinci of Brutes, an 
some observations on the un\furmily of the nesli of the dif- 
ferent ipeciea of birds j and in No. tXK, On tlie Habitations 
of Animals, arc some further observations on tbe nidj/fcaliiin 
and iaculnttien of several birds. 
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No. LXV. 

ON THE MIGRATION OF BIRDS. 

Vta, ike tiork in the heaven hnoioeth her appointed times ; 
like turtle, and the crane, and the swallow, observe the 
i ^ their coming, jeremiah: 

Who bid the stork, Columbus-like, explore 
Hctvens not his owd, and worlds unknown before ? 
Who calls the coancil, states the certain day ? 
Who forms the phalanx, and who points the way ? 

POPE. 

CHE migration of birds has been justly oon- 
sed as one of the most wonderful instincts of 
aire. Milton, in the passage I quoted in m^ 
ceding paper, styles the feathered race, thus di- 
jy taught, ' intelligent of seasons ;^ and the ve* 
ible prophet above adduoes this instinctive and 
uiable oDservation of their appointed times, as a 
umstance of reproach to the chosen people of 
1, who, although taught by reason and religion, 
lew not the judgment of the LordJ* 
The appearance and disappearance of the birds 
eason, particularly in the Hebrides, or Western 
tnds of Scotland, has not been disr^Effded by our 
i poets. Thus Mallet speaks of the birds that 
luuly transmigrate to St. Kilda, the most remote 
. unnrequentea of all those islands : 

But, high above, the season full exerts 
Its vemaDt force in yonder peopled rocks. 
To whose wild solitude, from worlds unknown. 
The birds of passage transmigrating come, 
Unnumbcrccl colonies of foreign wing, 
At Nature's summons, their aerial state 
Annual to found : and in bold voyage steer, 
0*er this wide ocean, through yon pathless sky, 
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One cerUin flight to one ainwinled shore ; 
By Heaven'* direciivc jpirii, here to raise 
Ineir teiuporarif realm; and rorm secure. 
Where food awaits them copious fniiii ihe wave. 
And shflier from ihe rock, Iheit nuptial leagues : 
Each tribe apart, and all on ta»li« ol love. 
To hatch the presnanl egg, in rear and guard 
Tlieic heljileis infanu, piously inicnt. 

Their appearance in the same islands is thus notid 

by Thomson: 

Where the northern ocean, in vast whir 
Boils round the naked melancholy isle] 
OffarthestThul^, and tli' Atlantic surge 
PouraSn among the stormy Hebrides ; 
Who can recount what tranirnigralions ihete 
Are annual maile? What nations come and go: 
And how the living clouds on clouds otise? 
Infinite wings ! lillall the plume-dark air, 
Aod rude rebounding shore, are one wild cry. 

And thdr disappearance from the same scen£B 
thus described by Mrs. Barbauld 

When winter bites upon tlie naked plaii 
Nor food nor shelter in the groves rer ' 
By ins'incE led, afirm united band, 
Aa marshalled by some skilful general's hand* 
The congregaleil nations wing their way 
In dusky coluinns o'er the trncklesi tea ; 
In clouds unnumbered annual hover o'er 
The craggy Bass, or Kilda's utmost shoFe: 
Thence EpVead their sails to meet the toiithi 
And leave the gathering lenipest far buhind,'*^ 
I'ursue ihe circling sun's indulgent ray. 
Course the svpiTt seasons, and o'enake the day. 

The migration of birds, which is commcm to l| 
quml, the stork, the crane, the fieldfare, the « 
cock, the cuckixi, the marbn, the swallow, 
various otliers, is, indeed, a very curious articled 
natural liistory, and furnishes a very striking i 
stance of a powcrfiil instinct im^refise^ *"" ' 
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Creator. Dr. Derbam observes two circuinstanoes 
remarkable in tbis migratkm : the first, tbat tbese 
untaugbt, unthinking creatures, should know the 
proper times for their passage, when to come, and 
when to go; as' also, that some should come wh«i 
others go. No doubt, the temperature of the air as 
to heat and cold, and their natural jnropenaty to 
breed their young, are the great incentives to these 
creatures to chai^ their nalntations. But why 
diould they at all change their habitations ? And 
why is not some certain place to be found, in all the 
terraqueous globe, that, all the year round, can af- 
ford them convenient food and habitaticm? — The 
second remarkable circumstance is, that they should 
know which way to steer thdbr course, and whither 
to so. What mstinct is it that can induce a poor 
fooush bird to venture over vast tracts of land and 
sea? If it be said, that by their high ascents into 
the air, they can see across tiie seas ; yet what shall 
instruct or persuade them, that another land is more 
raoper for th^ purpose than this? That Great 
Britain, for instance, should affcNrd them better ac-- 
commodation than Egypt, the Canaries, Spain, or 
any of the other intermediate countries * ? 

The birds of passage, moreover, are all peculiarly 
accommodated, oy tiie structure of their parts, for 
long flights ; and it is remarked, that, in their mi- 
grations, they observe a wonderfiil order and polity : 
mey fly in troops, and steer their coiurse, without 
the aid of a compass, to vast unknown r^ons. The 
flight of the wild geese, in a wedge-like figure, has 
been often observed ; to wliich it is added, by the 
natural historian of Norway, that the three foremost, 
who are the soonest tired, retreat behind, and are 
relieved by others, who are again succeeded by the 
rest in order^ But this drcumstance has been ob- 

* Physico-Theology, book vii. cbap. 3. 

• Bp, Pontoppidao. 
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anved, many ages before, by Pliny, who deecriba 
certain birds ot' passage flying in the foim of ■ 
wedee, and Rpreaxling wider and wider ; those bo 
hind noting upon those before, till the Icoilers, luaifl 
tired, are, in their turn, received into the rear^ 
' Wild ducks and cranes (saya the abbt^ de laPiucht) 
fly at the approach of winter, in quest tri' more &• 
vourablc climates. They all assemble, at a certMll 
day, hke swallows and quails. They decamp at tht 
same time, and it is very agreeable to observe their 

S;ht. They generally range themselves in a Inng 
umn like an 1, or in two tines united in a puBt 
like a V reversed.' And thus, as Milton says, 

Ranged in figure wedge iheii way. 

' The duck or quail that forms the point (adds lit 
abh^ cuts the an*, and facilitates a passage to tfist 
that follow : but he is charged wiili this commiseiaa 
only for a uirtain time, at the conclusion of wtiich 
he wheels into the rear, and another takes iiis post' 
And thus again, as Milton obser\'es, 

With'mutual vving 
Easing their di^hl. 

It has been observed of the storks, that, for about 
the space of a fortnight before they pass from aat 
country to another, tiiey constandy resort togetherj 
irom all tlie circumjacent parts, to a certain plain, 
and there forming themselves once every day into > 
dou-K'atme (according to the phrase of tlie people)i 
are siud to determine the exact time of their de- 
parture, and the places of their ftiturc abode'. 

' A tcrgo tcniim itilalante ee cunco porrigilur agmcn, lai^^ 
Hue im|>ellenli nn beiu aiir«. Colla impoautii praxcnrlen. 
Ubus: fesios Jucei a(i terga recipiunt. Nai. Hisi, ' - 
sect, 3«, 

lectade dclaNatur«, dial. ix. 

iflw'sTrarelE, p.4Sa. fol. 
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Where the Rhine loses its majestic force 
1 n Belgian plains, won from the raging deep^ 
By diligence amazine, and the strong 
Unconquerable hand of Liberty, 
The stork assembly meets ; for many a day« 
Consulting, deep, and various, ere they take 
Their arduous voyage thro* the liquid sky. 
And now, their route designed, their leaders chose, 
Their tribes adjusted, cleaned their vigorous wings; 
And many a circle, many a short essay. 
Wheeled round and round, in congregation full 
The figured flight ascenrls ; and riding high 
The aSrial billows, mixes with the clouds. 

THOMSON. 



Mr. Biberg, an in^nious naturalist of Sweden^ 
has observed, that ^ the starling, finding, after the 
middle of summer, that worms are less plentiful in 
that country, goes annually into Scania, Germany, 
and Denmark. The female chaffinches, every win* 
ter, about Michaelmas, go in flocks to Holland; 
but as the males stay in Sweden, the females come 
back next spring, except such as choose to breed no 
more. In the same manner, the female Carolina 
yellow-hammer, in the month of September, while 
the rice on which she feeds is laid up in granaries, 
goes toward the south, and returns in the spring to 
seek her mate. Oiur aquatic birds (continues ne) 
are forced by necessity to fly toward the south every 
autumn, before the water is frozen. Thus we 
know, diat the lakes of Poland and Lithuania are 
filled with swans and geese every autumn, at which 
time they go in great flocks, along many rivers, as 
&r as tne Euxine Sea. But in the be^nning of 
qxring, as soon as the heat of the sun molests them, 
tbev return back, and go again to the northern ponds 
and lakes, in order to lay their eggs. For there, 
and especially in Lapland, there is a vast abundance 
of gnats, which afford them excellent nourishment, 
as all of this kind live in the walet \)c£ox^ \2cv^^ ^^ 
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thM wings.' — Mr. Biberg proceeds to enumerate 
many other birds that migrate to difTerent le^twi 
and ne then adds : ' By these migradons, biids b^ 
come useful to many different countries, itnd are 
distributed over almost all the globe ; and I cannot 
here forbear expressing my adnuratlon, that all of 
them exactly observe the times of coming and going* 
and that they never mistake their way ■.' 

The principal food of the birds of passage, while 
in Great Britain, is the fruit of the white thorn, or 
haws, whidi hang on our hedges in winter in pro- 
digious plenty ; but where they breed, and seem ta! 
be most at ease, as in Sweden, &c. tliere are no 
haws ; nor indeed in many of the countries through 
which they journey on their way : so that it is evi- 
dent they change their food in th«r passage. 

The manner m which tlie birds of passage journey 
to their southern abodes is supposed to vary, ac- 
cording to the different structure cpf their bodies^ 
and their power of supporting themselves in the wr. 
The birds with short wings, such as the redstart^ 
blackcap, Stc. though they are incapable of such 
long flights as the swallow, or of flying with sucH 
celerity, yet may pass to less distant places, and by 
slower movements. SwaDows and cuckoos may 
perform ther passage in a very short lime; bfll 
there is for them no necessity for speed, since every 
day's passage affords them an increase of warmtlij 
and a continuance of food. 

Swallows are often observed, in innumerable 
flocks, on churches, rocks, and trees, previous to 
their departure hence; and Mr. Collinson proves 
their return here, perhaps in equal numbers, by twa 
curious relations of undoubted credit ; the one com- 
municated to him by Mr. Wright, the master of 

1 Siilliagfl«t^ 
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ship, and the other by admiral Sir Charles Wa^ 
— * Returning home (says Sir Charles) in the spnnfi 
of the year, as I came into soundings in our channel! 
a great flock of swallows came and settled on m]/ 
rigging; everyrope was covered; they hungonone 
another like a swarm of bees ; the decks andcarving 
were filled with them. They seemed almost fa- 
mished and spent, and were only feathers and bones : 
but, being recruited with a mghf s rest, they tooli 
^'^-"i thdr flight in the morning.' — This apparent latiguc 
^^ ?■ ! proves, that they must have had a long journey. 
^^^■\ conaderiiLg the amazing swiftness of these birds ; sc 
1^^ '\ that, in alTprobabihty, they had crossed the Atlantic 
^'^^^ ocean, and were returning from the shores of Sen& 
gal, or other parts of Amca. — But the state of the 
ni.». i 8wallow-tribes, when they are no longer seen in oui 
-y I northern regions, has given nse to a curious con- 
ij^l trovertcd question among naturalists, of which 1 
)e ^ I shall treat m my next paper. In the mean time. 
9t^ g my readers, I am persuaded, will be pleased with 
^Uchz ^^ following^ beautiful poetical welcome to these 
UqIj I birds, on their re-appearance in the Spring, by ihi 
5,. I contemporary and mend of Shenstone and Collins : 

•r I At length the winter's surly blasts are o*er ; 

Arrayed in smiles the lovely spring returns : 

Health to the breeze unbars the screaming door. 

And every breast with heat celestial burns. 

And see, my Delia, see o*er yonder stream. 
Where on the sunny bank the lambkins play ; 

Alike attracted to th* enlivening gleam^ 
The stranger-swallows take their wonted way. 

Welcome, ye gentle tribe, your sports pursue. 
Welcome again to Delia, and to me : 

Yoar peaceful councils on my roof renew. 
Ana plan your settlements from danger free. 

No tempest on my shed its fury ponrs. 
My frugal hearth no noxious blast sup\A\ts \ 

m5 
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vtioi'iets, go, TFp^tir your sooty bowen. 
link, OD 1)0 hoalik roof my chimoies ilae. 



Aaia I'll listen to your grave debttes, 

1-11 ihinic I hear your varioui maxiras lold. 
Your numbrrs, leaden, policies, awi states. 
Your limiU aetiJed, and your iribea enrolled. 

I'll think I hear you tell of distant lands. 
What insect. nations rite from E^'pt'g miul. 

What painted twanns subsist on Libya's sands, 
What mild Euphrates yields, and Ganges' flood. 

Thrice happy tact ! whom Nature's call invites 
To travel o'er her realms with active wing. 

To taste her choice! t stores, hei best delights. 
The summer's radiance, ami the sweets of spring : 



bear tlie restless change 

dank, or dry. 



While we are doomed 

OfBhifiiogseaaom, vapo> 
Forbid, like you, to milder climes to range. 

When %vintry clouds deform the troubled sky. 

But know the period to your joys asslaiied 1 
Know ruin hovers o'er this earthly ball ; 

Certain as fate, and sudden as the wmd. 
Its secret adamaotine props shall fall. 

Yet when your short-lived summers shine DO moi 
My patient mind, sworn foe to vice's way, 

Sustained on lighter win^s than youis, shall ioai 
To fairer rcalmB beneath a brighter ray; 

Toplain elberial, and Elysian bowers. 

Where wintry storms no rude access obtain. 

Where blasts no lightning, and no thunder loiv'rs 
Bui spring aodjoy uncnanged for ever icigii. 
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No. LXVI; 

FURTHER REFIiEOTIONS ON THE JttijQftA* 

TION OF BIRDjS. 

Where do the cranes, or wiading swallows, go^ 

Fearful of gathering winds and railing snow? 

If into rocks, or hollow trees, they creep, 

In temporary death confined to sleep -, 

Or, conscious of the coming evil, fly 

To milder regions and a southern sky ? prior. 

« 

To the Swallow. 

f 

Grenlle Herald of the Spring, 

Gliding swift on wand'ring wing. 
Say from what distant climes returned. 

Thou view'st Britannia's realm again. 

And, skimming o*er the primrose plain, 

Purstt'st, in ecstasy, thine airy flight. 

Oft gazing with increased dehght 
On her fair fields, with softest verdufe crowned. 
While April spreads his chequered gems around ? 

Com'st thou from Afric's sultry waste, ' 
To shun her summer's scorching heat ; 
Where, fiercely gleaming o*er the blasted hicAth, 
The dry Harmatton breathes the gale of death ? 

Or com*st thou from some secret cave. 

Waked from thy long repose. 
Where wint'ry wmds around thee blew. 
And fell the driving snows ; 
Where storms unheeded rent the troubled air. 
While ev'ry field was bleak, and ev*ry tree was bare ? 

Or smok beneath the whelming tide. 

Could thy feathered form reside. 
And, strange to tell 1 by secret charms. 

While Naiads waved their circling arms, i 

In liquid crystal pass the wint*ry gloom^ ^ 

Till earth again disgorged her vernal bloom ? 

IHU tOAW. 
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I INTIMATED, in my former paper, that the 

I itate of the swallow-tribes, when they are no longer 

1 ■ wea in our regions, has given rise to a controverted 

ouestion in natural history. The poeis. as well w 

uie pbiloaophers, seem to he divided on the suited. 

Thus Anacreon, as paraphrased', by Cowley, ad- 

\ dre^es the swallow : 

In thy ondiicoverrit neat 
Thou dost all the winterrest, 
And dicamcst o'c[ thy summer Joyi, 
Free from the stormy siMSon's nOltc. 

And Thomson, in noticing their disappearance in 
autumn, speaks with the same uncertainty on the 
subject, as do the poets in my motto : 

When Autumn scatters his departing g1rams> 
Warned of approaching Winter, gathered, play 
The s[vallDW-peo|ile ; and tossed wide araund. 
O'er the calm sky, in convolution swift. 
The feathered eddy floats : rejoicing once. 
Ere to their wintry slumbers they retire; 
In closlera clung, beneath the mautd'ring bank, 
And where, uapierccd by frost, the cavern sweat). 
Otralher into warmer climes conveyed, 
With other kindred birds of season, there 
They twitter cheerful, till the Temal months 
I — .£ them welcome back : for, ihionaing, now 
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Natiu^sts, as I have before obseWed, are like- 
wisp, much divided in their opinion ^nceming 
nenodical appearance and disappearance of swallt 
Some assert, that they remove from climate to 
mate, at those particular seasons when winged in- 
lects, their nattual food, (ajl in one country, and are 
plenuful in another, where they likewise find a tem- 

Erature of air better suited to ther constitution, 
support of this opinion we have the testimony 
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of Sir Charles Wager, mentioned in my preceding 
p^MT, and of M. Adanson, who, in the account of 
m TOyage, informs us, that, dbout fifty leagues 
firam tine ooast of Senegal, four swallows settled upon 
the ship, oo the sixm day of October; that these 
biids were taken ; and that he knew them to be the 
tnie swallow of Europe, which he conjectures were 
then returning to the coast of Africa. But Mr. 
Daines Barrington, in a curious essay on this sub- 
ject ', has adduced many arguments and facts, to 
proYC, that no birds, however strong and swift in 
thdr flight, can possibly fly over such large tracks 
of the ocean as has been commonly supposed. He 
is of opinion, therefore, that the swallows mentioned 
by M. Adanson, instead of being on their passa^ 
mnn Europe, were only fluttering from tlie Cape de 
Verde Islands to the continent of Africa ; a much 
nearer flight, but to which they seemed to be un- 
equal, as they were obliged, from fatigue, to alight 
upcm the ship, and fall into the hands of the sailors. 
And Mr. Kaim, another advocate for the torpidity 
of swallows during the winter, having remarked, 
however, that he himself had met with them 920 
miles from any land; Mr. Barrington endeavours 
to explain these, and similar (acts, by supposing, 
that birds discovered in such situations, instead of 
attempting to cross large branches of the ocean, 
have been forcibly driven fr^m some coast by storms, 
and that they would naturally perch upon the first 
Tessd they could see. 

In a word, Mr. Barrington is further of opinion, 
with some other naturalists, that the swallows do not 
leave this island at the end of autumn, but that they 
lie in a torpid state, till the be^nning of summer, 
in the banks of rivers, the hollows of decayed trees, 
the recesses of old buildings, the holes of sand banks, 

» Phil. Trans, vol. Ixii. p. i65. 
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mid in nmilar situations. Among other facte, Uk 
Bnrrington communicated one to Mr. Penna&tt 
* That numbers of swallows have been found io dl^ 
dry walls, and in sand hills, near the seat of Uie late 
Lord Bcthaven in East Lotluan; not once QuAjt 
but from year to year; and that, when they «CBl 
exposed to the warmth of a fire, they revived.' 

These, and other facts of the same kind, are ^ 
lowed to be incontrovertible ; and Mr. Pennant, JA 
particular, infers from them, ' that we must di\^ 
our belief relative to these two so different opinioMt 
and conclude, that one part of the swalEow-uibe Mb 
grate, and that others have their winter quart« 
near home'. 

But there are still more wonderful facts related. 
Mr. Kalm remarks, that swallows appear in the 
Jerseys about the beginning of Apnl ; that, on tliot 
first arrival they are wet, because they have ju< 
emerged from the sea nr lakes, at the bottotu cf 
wliich they liad remained tn a torpid state duriiu 
the whole winter ^ Other naturalists have asserted 
that swallows pass the winter immersed under the 
ice, at the bottom of lakes, or beneath the waters sS 
the sea. Olaus Magnus, archbishop of Upsal, seemi 
to have been the nrst who adopted this opinicat 
He informs us, that swallows are tound in gred 
dusters at the bottoms of the northern lakes^ ^^, 
mouth to mouth, wing to wii^, foot to toot, ai4 
that in autumn they creep down the reeds to thqfl 
subatjueous retreats'. In other instances, Mr. Pqh 
nant remarks, the good archbishop did not wanfe 
credulity. But the submersion of the swallows 
under water does not rest upon his testimony akmev 
£1^ asserts the some i and g^ves the following 90r 

' British Zoology, vol. ii. p. 250, 8»o edit, 
" Vuyaae, lome i. p. S*. 
5 Dciham'a Phjsko Theol. 
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rant of their manner of retiring, which he collected 
non some countrymen : ^ Th^ asserted, that the 
mJlows sometimes ass^nbled in numbers on a reed 
Bit Im^ey and sunk them to the bottom ; that their 
■nenkm was preceded by a kind of dirge, which 
■led more than a quarter of an hour ; that others 
mtedy laid hold of a straw with their bills and 
hmsed down in society; that others, by clinging 
nemer with their feet, formed a large mass, and in 
■a m«"¥w»fr ocmmiitted themselves to the deep \ ^— - 
idiop Pontoppdan asserts, that clusters of swal- 
fWB m their torpid winter state, have sometimes 
en finind by fianermen, among reeds and bushes 
I lakes ; and he charges Mr. Edwards with having, 
1 his Natural History of Birds, groundlessly con- 
ra£c(ed this incontesbble truth \ — ^And Mr. Heer- 
OW) a celebrated Dutch naturalist, in a Latin 
eem on the Birds of Friesland, speaks in positive 
ttms of the torpid state, and submeraon, of the 
walkms: 

Gonditur ante hiemem, semestri obDoxia somDOj 

CondituFy et variis condita Tua locis ; 
Eftt, ubi se scopuHs per fri^ra soptt, et antris ; 

£it ubi, structuris ruderibusque latet. 
Connexus, quandoque v'ldes, rostra indita rosiris. 

Est quoqyjie aola, euo quss jacet orba viro. 
Res est mira, latet gelidis quandoque sub undis^ 

Ut piope cognatam piscibns esse putcs. 

Ere winter his somni Proas power exerts 

S» dreary moaths, the swallow-tribes are seen 

In various haunts concealed ; in rocks, and caves^ 

And structures rude, by cold benumbed, asleep -, 

Bill within bill inserted, clust'ring thiek : 

Or solitary some, of mate bereft. 

Bat» wonderful to tell ! some lie immersed5 

Inanimate, beneath the frigid waves. 

As if a species of the finny Kinds. 

' Klein Prod. Hist. Avium, p. S05. 
* Natural History of Norway. 
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Mr. Heerkens, after reciting many instances, ai 
producing in bis notes several authorities, of sm 
laws having been found in a torpid state, woceei 
in his poem, to descnbe very minutely, their asce 
out of the water : The drowsy birds appear on ti 
shore, as. if unconsdous still of life. Some inlu 
the soft breeze, bke one of the finny tribe exU 
from its stream. Some be^n to adjust tbeir diflli 
veiled wings. Others, almost revived, essay, wi 
busy bill, to assist their aged companions. All, 
length, restored to the unrestrained use of the 
wings, range, in numerous flights, the aerial way ' 

Two reasons have been adduced to prove tli 
supposed submersion of swallows impos^le. ' I 
the first place (says Mr. Smellie) no land onintal ca 
exist so long without some degree of reBpiratioi 
The otter, tlie seal, and waterfowls of all kind 
when confined imder the ice, or entangled in net 
soon perish ; yet tt is well known, that mmals 
this lund can lem^n much longer under water thi 
those wliich are destitute of that pecuHar structui 
of the heart which is necessary for any con^derab 
readence beneath that penetrating element M 
John Hunter, in a letter to Mr. Pennant, inform 
us, ' That he had dissected many swallows, bi 
found nothing in theoi different from other birds a 
to the organs of respiration : That all those anima 
which be had dissected of the class that siet 
during the winter, sucb as lizards, frogs, &c. had 
very (different conformation as to those organs : Thfl 
all those animals, he believes, do breathe in th^ 
torpid state; and, as far as bis experience reaches 
he Knows they do ; and that, therefore, he esteem 
it a very wild opinion, that terrestrial animals ca; 
rcm^n any long time under water without drown 

s Grjiilngani Ares FrisicK, 8W 
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iitt.^— Another argument against their submersion 
cmes fiom the specific gravity of the animals them- 
■dfes. CNT all burds, the swallow-tribes are perhaps 
Ae lightest. Their {duma^^ and the comparative 
■mIWkhm of their weight, mdicate that Nature de- 
idned them to be almost perpetually on the wing in 
quest of food. From tnis specific lightness, the 
fldbmersion of swallows, and their continuing for 
manths under water, amount to a physical impossi- 
IJEty. Even waterfowls, when they wish to dive, 
•re obHfied to rise and plunge with considerable ex* 
crtioii, m order to overcome tlie resistance of the 
water. Klein^s idea of swallows employing reeds 
Mid straws as means of submersion is rather ludi- 
crous; for- these light substances, instead of being 
noper instruments for assisting them to reach the 
liQttom, would infallibly contribute to support them 
cm the suT&ce, and prevent the very object of their 
intention. Bendes, admitting the possibility of their 
leadhing the bottom of lakes and seas, and supposing 
they could exist for several months without respira- 
tion, what would be the consequence ? The whole 
would soon be devoured by otters, seals, and fishes 
of various kinds. Nature is always anxious for the 
preservation of its species. But, if the swallow- 
tribes were destined to remain torpid, during the 
winter months, at the bottom of lakes and seas, she 
would act in opposition to her own intentions ; for, 
m a season or two, the whole genus would be anni- 
lalated».' 

This reasoning is very ingenious; but, on the 
odier hand, the facts related above are very stub- 
ham; and the celebrated BufiPon does not hesitate 
to yield to the force of such strong and concurrent 
evidence. He had procured some chimney swallows, 
and kept them some time in an icehouse, in order to 

> philosophy of Natural History, p. 481, 
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aaccrtain wheUier thfi/ were of the torpid kind 
he thus rcliUes the result of his expenment ; ' 
of them fell into the torpid state : the greater 
died, and not one of them revived by being dm 
into the warmth of the sun. Those that nad 
Jonj; suffered the cold of the iceliouse had all tWi 
movements, and went out briskly. From these " 
pcriments I thought 1 might conclude, that t 
species of the swallow was not liable to that bI 
oi' torpor and insensibility, which supposes, notwi 
Standing, and vei^ necessarily, the fact of its remi 
ing at the bottom of the water during the win 
Having had recourBe, moreova-, to the most credits 
able traveUera, I found them agreed as to the pn 
sage nf swallows over the Mediterranean. And M 
Adanson has poafively assured me, that durit^ flu 
long slay he made in Senegal, he observed theloog 
Imled swallow, the same with the chimney swalloi 
we are now speaking of, arrive constantly in Seno 
eal about the time itleaves France, and as constant^ 
leave Senegal in the spring. It cannot, therefore, w 
doubted, that this species of the swallow passes fron 
Europe into Africa in the autumn, and mim Afiia 
to Europe in the spring ; of consequence it neithei 
sleeps nor hides itself in holes, nor plunges into ih 
water on tlie approach of winter. There is, besida 
another well authenticated fact, which comes in pn< 
here, and shows thai this swallow is nut reduced 
a torpid state by cold, which it can bear to a ce 
degree; and if diat degree is exceeded, it dies; 
if we observe these bn'da toward the end of tbi 
warm season, we shall see them, a little before th« 
departure, flying together in families, the father, tl 
mother, and the young brood. Afterward sever 
famdies unite, ann form themselves into flocks nutf 
or less numerous in proportion as the time of fha 
departure draws near. At last they go altogethefi 
three or four days before the end of S^tcmber, 
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about the beginning of October. Still, however, 
Kxme remain, and (K) not set off till a week, a fort- 
nig^t, or three weeks after the rest : and some too 
tbere are which do not go at all, but stay and perish 
under the first rigours of the cold. These swallows 
that dday their flighty or never undertake it, are 
such as nnd their younjg too weak to foUow them ; 
Rich as have had the misfortime to have their nests 
destroyed after laying, and have been obliged to re- 
build them a second or a third time. They stay for 
ili6 love of their htde ones, and choose rather to en- 
dure the rigour of the season than to abandon dicir 
ofikpring. Thus they remain s(»netime after the rest 
for the purpose of taking their young with them : 
and if they are unable to carry them off in the end, 
tfaey perish with them. 

* These facts then plainly demonstrate (concludes 
If. Bufibn) that the chimney swallows pass succes- 
nvely and alternately from our climate to another 
that is warmer ; that they spend their summer here, 
and their winter there ; and of consequence never 
fidl into a state of insensibility. But, on the other 
hand, what have we to oppose to the precise testi- 
many of those who, on the approach of winter, have 
Been these swallows in troops throw themselves into 
the water ; nay, not only uiis, but have seen them 
taken out in nests from beneath the ice P What 
mswer shall we make to those who have beheld them 
in the torpid state, and seen them gradually recover 
motion and life, when they were brought into the 
mmnth, and moved cautiously toward a fire ? I 
Imow but of one means of reconciling these facts. We 
must suppose that the sleeping and the travelling 
swallow are of different species, though the differ- 
ence, for want of attention, has not been observed ^^ 

Thus this great philosopher concurs with Mr. 

* Histoire Naturelle des Oiscaux> lome\. 



S60 The Contemplative Philosopher, no. Lx*r. 

Pennant, in his Eolution, already mentioned, of &e 
difficulty, by supposing two species— the migrating 
and the n/repiiig swallow. With respect to the prin- 
cipal objects of this wonderful instinct, that teacliea 
Buch various kinds of tlie feathered race to migrate 
to difTerent countries, it is obvious &om what hM 
nlteady been said, that tliey are food, temperature 
of air, and convenient situations, for breeding'. I 
shall, therefore, conclude this paper with the lollow- 
ing beautiful stanitas, from an elegy by Mr. Jsgo* 
on their disappearance from this country ; 

Through sacretl prescience, well they know 

The near approach of elemenlal strife ; 
The blustr}' tcinpesl, anil the chilling snow. 

With evcTy wani bd'I scourge of lenil^r life I 

Thus taiighl, they meditate a speed); flight ; 

For ihiB ev'n now the; prune (heir vig'rous milg; 
For this coninll, advise, prepare, excile. 

And prove their strength in many aa air; i!ng. 

No sorrow loads their hreasl, or ewella iheir eye. 
To quit, ihelr friendly haunis, or native honie ; 

Nor fear ihey, launching on the boundless sky. 
In search of fiiiure seulementj to roam. 

They feel a power, an impulse all diviae ! 

That warns them hence ; ihey feel it, and ohcy ; 
To this directinn all their cares resign, 

Unknown iheir destined stage, unmarked iheir way ! 

Well fare joiir flight ! ye mild domestic race ! 

Oh I for your wings lo traiel with the sun ! 
Health brace your nerves, and zephyrs aid your pace. 

Till your long voyage happily be doue '. 

See, Delia, on my roof your guests to-day ; 

To-moriow on my roof your guests no more! 
Ere yet 'tis night, with haste lliey wing away. 

To-morrow Isads theni on «ome safer shore. 




vo. I.XVII. . Qm Migration in gemraL 861. 

How jasi the moral in this scene conveyed ! 

And what without a moral would we read ? 
Then mark what Damon tells his gentle maid^ 

And with ku lesson register the deed. 

*Tis thus life's cheerful seasons roll away ; 

Thus threats the winter of inclement age; 
Our time of action but a summer^s day : 

And earth *s frail orb the sadly-varied stage ! 

And does no power its friendly aid dispense. 
Nor give us tidings of some happier clime? 

YvrA W€ no guide in gracious Providence 
Beyond the stroke of death, the verge of time? 

Yes, yes, the sacred oracles we hear. 
That point the path to realms of endless day; 

That bid our hearts, nor death, nor anguish fear. 
This future transport, that to life the way. 

Then let ns timely for our flight prepare. 

And form the soul for her divine abode ; 
Obey the call, and trust the Leader's care 

To bring us safe through virtue's paths to God. 

Let no fond love for earth exact a sigh, 

No doubts divert our steady steps aside ; 
Nor let us long to live, nor dread to die ; 

Heav*n is our hope^ and Providence our guide. 
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ON MIGRATION IN GENBRAL. 

Atque alio patriam quserunt sub sole jacentem. 

VIRGIL. 

Regions they seek beneath another sun. . « 

MIGRATION is generally supposed to be pe- 
cuKajc to the feathered tribe ; but this is a limited 
idea, which has originated from inattention to the 
ecxNKxny of Nature. Birds migrate with a view to 
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;ly the inconveniencies of thoir present mtiratkn, 
and to acquire a more commodious station with »• 
gsrd to f'ooa, t«mperatuit, propagation, and Midler; 
but, from similar motives, men, ttometimes in amaz- 
ing multitudes, have mierated from north to bou&j | 
displaced the naUve inhabitants, and fixed establiafa- 
mentH in more comfortable climates tlian those which 
they had relinquished ; and iheae, in their turn, have 
fallen victims to fresh and barbarous emigrants. 
Among the inhabitants of tlie more northern natiiHig, 
as Norway, Sweden, &c. notwithstanding a very 
strong attachment to their native countries, there 
seems to be a natural or instinctive propensity to ■ 
migrate. Poverty, rigour of climate, cunofiity, taa-^ 
bibon, false representations of interested individiutbij 
the oppression of feudal barons, and ^milar cimnM 
stances, have given rise to great emigrations of the' 
human species. But it is worthy of remark, that 
the emigrations from south to north, except fixim the 
love of conquest in ambitious nations, are so rare, 
that the instinct seems hardly to exist in those more 
fortunate climates. Curiosity is ageneral instinctive 
ptindple, which operates strongly in the youthful 
periods of life, and stimulates every man to viat 
^aces that are distant from his ordinary residence. 
This innate desire is influenced by the relations of 
travellers, and by many other incentives of a more 
interested kind. Without the principle of migration, 
mankind, it is probable, would never have oeen so 
universally diffused over the surface of the earth. 
It is counterbalanced, however, by attachment to 
those countries which give us birth, a principle still' 
more powerful and eflicient. Love of our native 
country is so strong, that, after gratl^ing the na- 
^ting principle, alinost every man feels a longing 
iesire to return. 
SavageB, as long as their store of food remains 
le in a listless inactive state, and 
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8Mm not to be prompted by any motives of curiosit3\ 
They have no conception of a man^s walking either 
fisr amuaement or exercise. But, when their pro* 
viflioDs b^in to fail, an astonishing reverse takes 

Soe. They then rouse, as from a profound sleep. 
ouest of wild beasts, birds, and fislics, they migrate 
to mmiense ■ distances, exert the greatest feats of 
activity, and endure incredible hardships and fatigue. 
After acquiring a store of provisions, they return to 
their wonted haunts, and remain inactive till tlieir 
fixid begins aoain to fail. 

Quac&upecb likewise perform partial migrations. 
At the i^roach of winter, the stag, the reindeer, 
and the roebuck, leave the tops of the lofty moun- 
tains and come down to the plains and copses. Their 
chief objects, in these jBittings, are food and slielter. 
When sununer commences they are harassed with 
diffinent species of winged insects, and to avoid these 
enemies, uiey r^ain the summits of the mountains, 
vfaere the ccud, and the height of the situation, pro- 
tect them from their attacks. In Norway, and the 
nKse northern r^ons of Europe, the oxen, during 
die winter, migrate to the shores of the sea, where 
di^ feed upon sea plants and the bones of fish; 
and bishop Pontoppidan remarks, that the cattle 
know by instinct when the tide retires, and leaves 
these articles of food upon the shore. In Orkney 
and Shetland, the ^leep, for the same purposes, uni- 
fannly repair to the shore, in winter, at the ebbing 
of the tides. Rats, particularly those of the northern 
regions of Europe, appear, from time to time, in such 
myriads, that the inliabitants of Norway and Lap- 
land imagine the animals iall from heaven. The 
odebratea Linn^, who paid great attention to the 
economy of these migrating rats, remarked, that they 
^ipeared in Sweden periodically every eighteen or 
twen^ years. When about to migrate, uiey leave 
tlieir wonted abodes, and assemble together in in- 
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conceivable iiiimbera. In the course ot" tlieir journ 
thev nid<c tracks in the earth of'two inches in dept 
ana these trBcka sometimes occupy a breadth of i 
ral fathoms. What is singuliu-, the rata in I 
inarch uniformly pursue a straight line, unless ' 
are Ibrced to turn a^e by some insurmouni 
obstacle. If tliey meet with a rock, they first try 
merce it, and, i^r discovering tlie attempt to 
imjiracUcable, they gt> round it, and then resume t 
straight line. Even a lake docs not interrupt tfa 
passage ; for they either traverse it in a strai^t Ih 
or perish in the attempt ; and if they meet will 
hnrk or other veBsei, uiey do not alter their din 
tions, but climb up the one side of it and desceui 
the other. 

Froffs, immediately after Uieir transformation fit 
the tadpole state, leave the water and migrate to 1 
meadow, or marshy grounds, in quest of insec 
The numbers of young froffs which suddenly ma 
their appearance m tlie plains induced Rondeletii 
and many other naturalists, to imagine that th 
were ^iieratcd in the clouds, and lowered dm 
upon the earth. But if, like Mr. Derham, they hi 
examined the situation of the place with regu^ 
stagnating waters, and attended to the nature ai 
transformation of tlie animals, they would soon hoi 
discovered the real cause of the phenomenon. 

Of all migrating animals particular kinds (^ fish 
make the longest journeys, and in the greatest nr 
bers. The multiplication of the species, and 
procuring of Ibod, are the principal motives of tl 
migration. The sahnon, a fisli which makes r^ 
mi^^tions, frequents the northern regions siaae. 
is unknown in the Mediterranean sea, and in all 
rivers which fall into it. It is found in some of 
rivers of France that empty themselves into the oce 
Salmons are taken in the rivers of Kamtschatka, e 
appear as far north as Greenland. They live both 
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in the ocean and in fresh waters. To deposit tlieir 
qpawn they uuit the sea in the month of September, 
and ascena tne rivers. So strong is the instinct of 
nugrating, that they press up the nvers witli amazing 
keenness, and scajrcely any obstacle is sufiicient to 
-JBterrupt their progress. They spring, with great 
aplity, over cataracts several feet in height. W hen 
they find a place which they think proper for deposit- 
ing their ^gs, the male and female unite their laoours 
in fbrming a convenient receptacle for the spawn iit 
the sand, wliich is generally about eighteen inches 
deep. In this hole tne female de}X)sits her eggs, and 
the male his milt, wliich they arc said to cover care- 
fully with their tails; for, after s{)awmng, their tails 
are deprived of skin. The eggs, when not disturbed 
hy violent floods, he buried in the sand till the 
■paring, and they are hatched about the end of March. 
The parents, however, after this iuiportant office has 
been performed, hasten back to the sea, in order to 
(deanse themselves, and to recover their strength. 
Toward the end of March, the young fry begin to 
appear f and they gradually increase in size till they 
acQuire the length of four or five inches, and are tlien 
calkd smelts or smoults. About the beginning of 
May, all tlie considerable rivers of Scotland are full 
of ralmon-fry ; and, after tliis period, tliey migrate 
to die sea. About the middle of June, the earliest 
rf the fry begin to appear again in the rivers. At 
that time they are from twelve to sixteen inches long, 
and gradually augment, both in number and size, 
till about the end of July or tlie beginning of Au- 
fo&tf when they weigh from six to nine poimds. This 
18 a very rapid growth. But a gendeman of credit 
at Warrington mformed Mr. Pennant of a growtli 
still more rapid. A salmon, weighing seven pounds 
and three quarters, was taken on the seveutli day ol' 
February. It was marked on tlie back, fin, and 
tffil, with sdssars, and then turned into tlic rivix. 

VOL. II. V 



S66 The Contempiatnt PMiatopher. no. l 

It was retaken on the 1 7th day of tlic foUi] 
niotith ol' March, aiid then it weighed xva 
pounds and a half. The eeason for fishinir bb 
m the Tweed Ix^ns on the 30th of" Novcoiberi 
ends on o)d Michaebnas day. In tliat single i 
it is computed that no less than 208.000, at a med 
are annually caught, whicli, together with the 
ducts of many other rivers on both ades of Scot 
Hot only afford a wholesome and palatable (ot 
the inhabitants, bat also form a considerable a 
of oomaiercc. 

Herrings are likewise actuated by tlie mign 
principle. They are cluefly confined to the naii 
and temperate re^ons of the globe. They freq 
the highest latitudes, and are sometimes foun 
the northern coasts of France. They appear in 
shoals on the coast of America, as far mulh as ( 
lina. In Chcsapeak bay there is an annual inu 
tion of herrinD;s ; and they cover the shores in 
amaziDg numiners as to become ofPeniiive to tli 
habitants. The gi-eat winter rendezvous of the 
rings is within, or near, the arctic circle, where 
remain several montlis, and acquire strength j 
being weakened by the fatigues of spawning, ai 
a long migration. In these sea-i, insect food is d 
more abundant than in wanner latitudes. ^1 
begin their migration southward in the spring,! 
appear off Shetland in April and May. Tliese, ] 
ever, are only the forerunners of the immense ij 
wliich arrives in June. Their approach is reco^ 
by particular signs, such as the appearance (^ 
tain fishes, the vast number of birds, as ganna 
solond geese, which Ibllow the shoal to pr^ upofl 
herrings. But, when the main Ixtdy arrive^ 
hnndth and depth are so great, as to cliange tW 
nraisnce of the ocean itself. The shoal is gcnei 
dmdod into columns of five or six miles in lea 
wtd Ume or four in breadth. Th^ i 
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Bfioii creates a kind of rippling or small undula- 
ite in the water. They sometimes sink and dis- 
fpear' for teH or fifteen minutes, and then rise again 
iitard the surface. When the sun sliines, a vanety 
ri^kndid and beautiful colours are reflected from 
lOr bodies. In their progress southward, the first 
rtiemiption they meet wim is from the Shetland 
bnds. Here ttie shoal divides into two branches. 
lie hwich skirts the eastern, and the otlicr the 
Mtem t^ores of Great Britain, and fill every bay 
id creek with their numbers. Those which pro- 
Mi to tlie west from Shetland, after visiting the 
EdirideB, where the great fishery is carried on, move 
I till they are again interrupted by the nortli oi* 
iriand, which obliges them to divide a second time. 
Be divifflon takes to the west, where they are scarcely 
afooved, bang soon lost in the immensity of the 
identic ocean. The other division goes into the 
tfeh sea, and affords nourishment to many thou- 
■ds of the human race. The chief object of her- 
Dgs migrating southward is to deposit their spa^vii 
I warmer and more shaDow seas than those of the 
'^gid zone. This instinct seems not to be prompted 
f a scancity of food ; for, when they arrive upon 
IT coasts, they are fat and in fine condition ; but, 
hen returning to the ocean, they are weak and 
mdated. They continue in perfection from the 
id of June to the beginning of winter, when they 
igin to deposit thrir spawn. The great stations of 
e herring fisheries are off the Shetland and the 
restem islands, and along the coast of Norfolk. 
Beride salmons and herrings, there are many fishes 
lich observe a regular migration, as mackerels^ 
npreys, pilchards, &c. Alx)ut the middle of July, 
? pilcharas, which are a species of herrings, though 
aller, appear in vast shoals off the coast of Corn- 
11. When winter approaches, like the herrings, 
y retire to the arctic seas. Though' so nearly 
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sllied to the herrings it is not incunous to rt 
that the pilchards, in their migration for the punx 
of spawning, choose a wanner latitude } for, off 1 
coasts of Britain, the great shoals never appear ft 
ther north than the county of Comwaa a ' ' 
SciUv islands - 

Of the land-crab tJiere are several species. T 
migration of what is called the violet land-crab i 
serves some notice. It inhabits the warmer r^i 
of Europe: but its particular residence is in I 
tropicalclimatesof Africa and America, Land-cn 
generally tret^ueiit the mountainous parts of \ 
country, whicli are, of course, most remote from t 
Sea. They inhabit the hoDows rf old trees, 
clefts of rocks, and holes which ihey themselves 
in the earth. In April and May they leave t 
mountains, and march in millions to the scansfaiil 
At this period tlie whole ground is covered wi 
them; and a man can hardly put down his fo 
without treading on them'. The object of tht 
migration is to deposit their spawn on tlie eea-shoi 
In their prcrgreM towaitl the sea, like the norllie 
rats, they move in a straight line. Even when 
house intervenes, instead of deviating to the right 
left, they attempt to scale the walls. But, ' 
they meet with a river, they are obliged tu 
alotig the course of the stream, In their migrali 
from tile mountains they observe the greatest res 
Iflrity, and commonly divide into three bodies. T 
first consists of the strongest and boldest mal 
which, like pioneers, mai-ch forward to clear the w| 
and to face the greatest dangers. Tlie fexnal 
which form the main Ixxly, descend from the mov 
tiuns in regular columns, whicli arc fifty paces broi 
three miles long, and so close tliat they almofit * 
tireiy cover the ground. Three or four days afb 
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ward, the rear guard follows, which consists of strag- 

g^M^ undiscipuned troops of males and females. 

They travel cniefly during the night; but, if it rain 

by aa.y (for moisture facilitates their motion) they 

proceed in their slow imiform manner. When the 

8un shines, and the surface of the ground is dry, 

ttiey make a universal halt till the evening, and then 

resume thdr march. When alarmed with danger, 

they run backward in disorder, and hold up their 

nippers in a threatening posture. They even seem 

to intimidate their enemies: for, when disturbed, 

they make a clattering noise with their nippers. But, 

thou^ they endeavour to render themselves for- 

midwle to tneir enemies, they are cruel to each other. 

When an individual, by any accident, is so maimed 

that he cannot proceed, his companions immediately 

devour him, and tlien pursue their ioumey. After 

a fatiguing and tedious march, which sometimes con<p 

linues three months before they reach the shore, they 

prepare themselves for depositing their spawn. The 

eggs still remain in die bodies of the animals, and 

are not excluded, as usual to this genus, under the 

tail. To facilitate the maturation and exclusion of 

Ae eggs, the land-crabs no sooner arrive on the shore, 

than 1%cy approach to the margin of tlie sea, and 

allow the waves to pass several times over their 

bodies. They immeoiately retire to the land ; the 

^gffs, in the mean time, come nearer to maturity, 

and the animals once more go to the water, deposit 

thm eggs, and leave the event to Nature. The 

bunches of spawn are sometimes as large as a hen^s 

^g; and it is not meurious to remark, that, at this 

very period, numbers of fishes of different kinds are 

anxiously wuting for this annual supply of food. 

Whether the painful migration of the timd-crabs, or 

the wonderful instinct of the fiiihes wliich await their 

arrival, in order to devour their spa^vn, is the most 

$g!tQjadnng facU must be left to the cotv^\d^T%^lv;sa ^% 
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pliilosophcrs. The eggs which escape these von* 
cious fishes are hatchea under the sand. Soon n&ts^ 
millions of minute crabs are seen leaving the shoie^. 
and migrating slowly toward the mountains. Mart 
of the md ones, however, remain in the flat parts of 
the country till they regain their strength. They 
dig holes in tlie earth, the mouths of which they 
cover with leaves and mud. Here they throw df 
their old shells, remain quite naked, and almofit 
without motion for six days, when they become so 
fat that they are esteemed delicious food. ^Nhen. 
the new sliell has hardened, the animals, by an in- 
stinctive impulse, march back to those mountains 
which tliey had formerly deserted. In Jamaica, 
where they are numerous, the land-crabs are re- 
garded as great delicacies ; and diey are so abun- 
dant, that the slaves are often fed entirely upon 
them. 

The migrating principle is not confined to men^ 
quadrupeds, birds, and reptiles : it extends to many 
of the insect tribes. Numberless inhabitants of thle 
air pass the first stages of their existence in the 
waters. There they remain for longer or shorter 
periods, according to the species. Previous to tiidr 
transformation into chrysales, tliey quit the waters, 
and come upon dry ground, where they undergo 
their amazing change. Instead of active wat^<^ 
worms, they dig or find holes in the earth, where 
they are converted into chrysales, or seemingly in- 
animate beings, and, in a short time, mount into 
tlie air in the form of winged insects. Similar mi- 
grations aie to be observed among land-insects. But 
migration is not confined to water-worms. Many 
species of caterpillars which feed upon the leaves dt 
trees, shrubs, and other vegetables,, when about to 
undergo their transformation, leave their former 
abodes, descend from the trees, and conceal them- 
sehes in the earth. The liiving of bees, when nu- 
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merous colonies remove in order to establish new 
settlements, is another instance of the migration of 
insects. Indeed, if we except bees, wasps, ants, and 
A few otiiers, most insects, whether tliey inhabit the 
wr, earth, or waters, arc perfect wanderers, having 
no fixed place of residence. Some of them, as the 
spider tnbes, build tempwary apartments; but, 
when disturbed, they migrate to another commo- 
dious place, and erect new habitations. 

From tlie facts which have been enumerated, it is 
miparent, that the principle of migration, or the 
desire of changing situations, is not confined to par* 
ticular birds, but extends through almost tlie whole 
system of animation. Men, quadrupeds, birds, fishes, 
reptiles, insects, all afford striking examples of the 
migrating principle. From the same facts it is 
equally apparent, that the general motives for mi- 
grating are similar in every class of animals. Food, 
multiplication of species, and a comfortable tempera* 
iure of air, are evidently the chief causes which in- 
'duce animals to remove from one pbtcc to another, or 
what amounts to the same thing, from one climate 
to another. Partial emigrations, or emigrations to 
small distances, ai-e prompted by the same instinctive 
motives which induce animals of a different structure 
to undertake long and fatiguing excursions. But, 
previous -to actual migration, what are the peculiar 
feelings of different animals, and what should stimu- 
late them to proceed uniformly in the direction that 
ultimately leads them to the situations most accom- 
modated to tlieir wants and their constitutions, are 
mysteries, with regard to which, Uke every other 
part of the economy of Nature, it is the duty of 
philosophers, instead of attempting to push tlieir 
inquiries beyond the bounds of hunwi ability, tt> 
observe a resj^ectful silence. 
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ON THE INSTINCT OF BRLTEI 

Nor will it IcEi delight ih' sllrntr 
l** obserce litni iii^imci, »hicl> unerring giu<k« 
'i'lie bruial race, which iciiiiica rcaboii's lore. 
And oft irjnsGEiicls. 
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This (rath ihincs bright lo humnn sense; 

Each itrniig afR'clinn of ill' iiiiCDiiscinus brute ; 

Each U-ni, each pa-sioii of ihe imallesL mile, 

Is wisely ^iven ; lianiinnious they prrfuim 

The work of ijprfcct reason. Btm. 

THE Divine Wisdom and GrocKloess may be stilt 
further demonstrated, not merely from llie sennes of 
animals in general, oJ' whicli I liave recently treated, 
but in the provision which lie lias made for the 
brute creation in particular, liy that wonderful fa- 
culty which wc call instinct; and wliich I would 
define to be a natural disposition or sugacity with 
which animals are endued, and by wtue of which 
they are enabled to provide for themselves, to know 
what is good for them, and arc deteniiined to [W(v 
pagatc and preserve their species. 

Many of the anLientphiioaojthcrB ascribetl tobmtea 
an undei-staudin^, differing only in degree from that 
uf man, and attnbiited their inferiority to the want 
of proper and sufFiGient bodily organs. This fiystein 
has been very strenuously supported by M. Helve-i 
tilts, in his treatise l)e i'Esprit. Among the mo- 
dems, the learned Dr. Cudworth endeavoured to. 
exjiliun the instinct of animals, by means of a certUn 
pl'iilic nature. Des Cartes thought that all lh« 
actions of brute animals might be explained by the 
simple hiws of mechanism. He considered tliem as* 
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machines totally devcMd of life and sentiment, but so 
curiously constructed by the Creator, that the mere 
impressions of light, sound, and other external 
i^ents, on their origans, produced a series of mo* 
tions on them, and caus(^ them to execute those 
various operations, which had before been ascribed 
to a certam principle of life and spontaneity. But 
the acticms and manners of animals, which are to> 
tally incompatible with the mere principles and laws 
of mechanism, evince the absurdity (x this ojnnkm. 
The celebrated BufTon, however, adopts it in part ; 
but he allows them life, and the faculty of distin- 
guishing between |deasure and pain, together with a 
strong inclination to the former, and aversion from 
the lalter. By these inclinations and averuons, he 
undertakes to account for all, even the most striking 
operatafOfns rf animals ; affirming that, in consequence 
ra impressions made on the brain, by means of the 
senatiYe organs, and by the reaction of the brain 
and nerves on the muscles, these machines acquire 
a motion conformable to the nature of the aniiniil, 
and of the impressions of the different objects ^diich 
act upon their oreans, and excite desire or aversion^ 
The pre-^stabmhed hnrmony of Lribnitz has also 
been am>lied to explain the actions of brute animals. 
Others nave oonsioered their actions as produced by 
the constant and immediate influence of the IKvine 
£nei]gy, directing all their inclinations and motions : 
audi appears to have been the opinion of Mr. Ad-» 
dison'. The Abb£ de Condillac, 19 his Essay on the 

* * There is not, in my opinion, any thing more mysteriooi 
in mitiirc than this instinct m animals, which thu3 ris^s above 
tcisoOy and falls infinitely short of it. It cannot be account* 
cd for by any properties in matter, and, at the same time, it 
works after so odd a manner, that we cannot think it the 
teolly of an intellectual being. For my own part, I looK 
apoD It as upon the principle of gravitation in bodies, whicU 
is not to be explained by any known qualities inherent in the 
bodies themselves^ nor from any laws of mcchaaism^ but^ 
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in degree from that of man, but tliat it is of a kind 
entirely different from it; and thfit they are in- 
cnpable both of memory and reasoning : tlie faculty 
oTimagination serving to give them a coniused idea 
fif events that are past, by the view or otlicr impres* 
mans of objects that are present. The tliird and 
principal class of instincts is that whicli comprehends 
all those which he calls spontaneous. This sjxx'icji 
of instinct is not attended with any power of reflec- 
tion, determining the animal to decide freely between 
two different modes of action present to his imagina- 
tion ; nor is it merely corporeal or mechanical. It 
is put into action by the natural and primitive prin- 
<nple of sdf-love, implanted in all animated lx?ings ; 
or by a love of pleasure and aversion from pain, 
piroducing a voluntary inclination to perform certain 
actions wliich tend to their wellbcing and presen-a- 
tion. To the performance of these actions they are 
particularly prompted by their present sensations, by 
inuigination supplying tne place of memory, and by 
other causes. Tne wonderful effects produced by 
these instinctive appetites, are further to be attribut- 
ed to the exquisite mechanism in their bodily con- 
formation, imrticularly in the structure of their 
various organs with which they execute their opera- 
tions, and to the superior perfection and acutencss 
cf their external senses, by whicli they are quickly 
and distincdy informed of those qualities of objects 
which most materially concern them. In order to 
account for the more curious and surprising opera- 
tions of brute animals, M. Reimar adds two other 
principles; namely, first, an internal distinct per- 
ception of tlie precise power and proper use of tiieir 
various bodily organs, together with an innate know- 
ledge of the quafities of those objects firound tliem 
in which they are interested ; and, secondly, certain 
innate and dcteiminate powers and inclinations, im- 
pressed by the Author of Nature, h priori, on the 
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fiovil itself; by which they are arbitrarily, smdirift. 
uul their own kiiowledec or conscioiisne».s, directed 
and irresistibly impelled to the performance of those 
various operations, which they execute with sucll 
unremitting industry and ait. 

I have succinctly stated these different opinions 
concerning the instinct of brutes, without pretend- 
ijig to determine which is right There will ever be 
phenomena m nature, on which we may reafoa, but 
pn which we cannot decide. The instinct of brutes 
«eems to have been originally implanted in them by 
the Great Creator, to compensate, as it were, for not 
panting thein the nobler faculty of reason. These 
iDbitincts are diver^fled in a thr>usand ways, and »f- 
nropriated to thrir respective wants. Animalfl hare 
UlNtinets for motion; mstincts to provide for thai 
Bubsistimce, to discern, to find, to tieize, and to pre- 
pare it; instincts to construct their nes^s and other 
habitations; instincts for tlie propagation of their 
spfXJes, for self-defence, and every other rcquiale 
occasion. In a word, it seems unquestionable that 
instinct in brutee bears some analogy, however in- 
furior it be, to rexson in mankiiid. 

Whether wilh reason, or with iustinct blest, 

Know, all enjoy that power which siiiii them best : 

To hiisa alike b; that direclinn lend. 

And find ihe means proporiicined 1o their end. 

Say, when full instinct is th' unerring guide. 

What po|ie tir council con they need bniilef 

Reaion, however able, cool at best. 

Cares not for >ervice, ol but aerves when presl; 

Ruja till ne call, Qi)d then nut often near ; 

Sore neier to o'ershoot, bul just to hil. 
While iiill ino wide or shori is human wit 
Sure by quick nainre happiness to gain. 
Which heavier reason labours at in vain. 
Thit too serves alwajs, reuson never long : 
One muil go right, the other may go wrong. 
See then ihe acting and comparing powers 
Uttcialhcitiututetwlueliare twoiuounl^ , 
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And reason raise o*er instinct as you can, 
Ju this *tis God directs, in that 'tis man. 

Who taught the nations of the field and wood 
To shnn their |)oison and to choose their food } 
Prescient, the tides and tempests to withstand. 
Build on the wave, or arch beneath the sand } 
Who made the spider parallels design. 
Sure as De Moivre, without rule or line ? 
Who bid the stork, Columbus- like, explore 
Heavens not his own, and worlds unknown before ; 
Who calls the council, states the certain day. 
Who forms the phalanx, and who points the way ? 

POPE. 

From the vaifious instances of the force of instinct 
1 the brute creation, I diall select a few only, which 
smnot but excite the admiration of the rational ob- 
23nrer. This wonderful instinct, whatever it be, 
irects every different kind of bird to observe a par- 
colar plan in the structure of its nest, and direct9 
U the same species to work after the same mode). 
Hris, certainly, cannot be imitation ; for though you 
Atch a crow under a hen, and never let it see any 
f the works of its own kind, the nest it makes shall: 
le the same, to the laying of a stick, with all the 
dier nests of the same speaes, It cannot be reason ; 
inr were animals endued with it to as great a degree 
18 man, thdr buildings would be as dinerent as ours, 
icoording to the different conveniences that they 
would propose to themselves, and the opportunities 
hey woula have of improving by the example of 
ithers. 

' The force of this instinct is greater or less, in 
proportion as the particular object of it renders it 
requisite ; for instance, in the propagation and rear- 
Bg of the species. With what caution does the hen 
Drovide herself a nest in places unfrequented, and 
aw from noise and disturbance ! When she has laid 
ber eggs in such a manner that she can cover them, 
what care does she take in turning them frequently, 
tbot all parts may partake of the vital warmth F 
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M'hen alie leaves them, to provide for her net-essarj 
wistenancf, how punctuiJly "Joes she return Wok 
tlicy h:ive time to cool, ami Iwcome incapaMe of 
pnxiuiing an (Uiinial ! In ihe summer, you see her 
pvinw herscif sreater liberty, and quitting her core 
tor abuve two hours together : but m winter, when 
the ngour of the season would chill the iwinaplei 
ot' lil'c, and destroy the young ones, she grows more 
flss-idunus in her attendance, and stays away but 
half the time. When the birth approaches, with 
how much nicety and attention d(jes she help the 
(ihick to break its prison ! Not to take notice of her 
covcrijig it from the injuries of the weather, provid- 
ing it |)roper nouriahnient, and teaching it to Iidp 
itself; nor to mention her tbi-saking the nest, if, after 
the usual time of reckoning, tlie young one does iwi 
make its appe^ancc A chemical operation coukl 
not be followed with greater art or diligence than ii 
seen in the hatching of a chick ; although there a* 
jimny other birds tliat show far greater sagauty in 
ell ifie ibrementioned particulars. 

Eiit, at the same time, the hen, which has 
seeming ingeiuiity <wliich, indeed, is absolutely ne- 
cessary tor tlie propagation of the species) conaderol 
in other respects, is without the least gliniiiicring of 
thought or common sense. She mistakes a piece of 
cltalk for all egg, and sits on it in tlie same manner ! 
she is insenHbie of any increase or diminution in llie 
number of those she lays: sJie does not disdnguitb 
between her own, and those of another spcdes; and 
wh«i the birlli ajipears of ever so different a Wwli 
will cherish it for her own. In dl these circunh 
stances, which do not carry an iinmeiliate i^ard to 
the subsistenceof herself or her species, she iaavery 
idiot. In other birds too, the object of this inetiDCb 
appears to be merely the preservation of their spet 
cies ; for, notwithstanding the natural Jove of bruteK 
i» much moFC violent nnd intense tlian in rationd 
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creatures, Providence has taken care tliat it shall be 
no longer troublesome to the parent than it is useful 
to the young ; for as soon as the wants of the latter 
oease, the mother withdraws her fondness, and leaves 
them to provide for themselves : and what is a very 
rauarkable circumstance in this part of instinct, we 
find that the love of the parent may be lengthened 
out beyond its usual time, if the preserv ation of the 
vpetnea require it ; as we may see m bu'ds that drive 
away their young as soon as ever they are able to 
get their livehhood, but continue to feed them, if 
they are tied to the nest, confined in a cage, or by 
any other means appear not in a condition to supply 
their own necessities. 

In the choice of their food, both with respect to 
what is salutary, and even what is medicinal, sheep 
are particularly sagacious : 

Driv'n oft from nature** path by artful man. 

Who blindly turns aside with haughty hand. 

Whom sacred instinct would securely lead. 

By their All-perfect Master inly taught, 

Trjey best their food and physic can discern ; 

For He, Supreme Existence, ever near, 

Informs them. O'er the vivid green observe 

With what a regular consent they crop. 

At every fourth collection to the mouth. 

Unsavoury crow-flower ; vt^hether to awake 

Languor of appetite with lively change, • 

Or timely to rtpel approaching ills. 

Hard todetermme. dybr. 

Somerville, in the second book of his poem, the 
Chase, gives a fine description of the mstinctive 
stratagems, which the roebuck and tlie hare employ 
to escape from their pursuers. 

Ana others are wonderfully provident in laying up 
stores ag£unst a time of scarcity ; as the bee, wliose 
history would alone fill a volume. 

But an enumeration of all the powerful operations 
of instinct in the various kinds of animals would 
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carry itio too far. Let it suffice, then, to oljserve 
hi'i-e, that man, with all the pri<le of reason, may 
Iiave heeti ititlehted for some of the most useful arW 
1(1 tlieir iiij^niiHis lalxmrs; as I have noticed in a 
Jbnner pajier '. 
Tin; many wonilerful civcum stances obseirable in 
the instinct of Unites, have given rise to this saying 
of a mocloni philosopher, Dens ett anima hriltorumt 
God is the eoiil of brutes ; an idea ^milar, but in a 
bolder form of words, to that already quoted ftoffl 
Mr. Addison. But many think it unphilosopHciil 
to attribute that to the immediate agency of the 
Drity, which is tlie result of laws, winch he ori- 
ginallu established ; lor he has Iwcn pleased to go- 
vern the materiai universe by the intervention rfa 
variety of second causes ; all, indeed, under the con- 
stant puidanco of his o»-errulin{r providence, and all 
ultimately leading to the contemplation and aAat>\ 
tion of Him, the Great First Cause and Motk of 
all. 

I shall conclude this paper with an excellent ar- 
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miment for a ftiture state, which Dr. Young has 
deduced from the consideration of tlie imperfo:tion 
of reason in man, and the perfection of instinct in 
brutes. 

ReaRon progressive, inilincl ii enmplele; 
Swift inbiinct leaps ; slow reason feeblj? clinribs ; 
Brutes soon their zcDiih reach ; their little all 
Flows in a( oncc; in ages they no more 
Could know, oT do, or covet, or enjoy. 
Were man to live coeval with the inn. 
The pniiiarch pupil would be learning si 
Yet, liyinp, leave his lesson half ur' 

His immoTlalily alone can tell. 
"No. LJiii.OiiihePrii 
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No. LXIX, 

THE FORCE OF INSTINCT EXEMPLIFIED 
IN THE NATURAL HISTORY OF THE 

BEAVER. 

Were th^ as vain as gawly-minded man. 

As flatulent with fumes ofself-applause. 

Their arts too animaU might boast. young. 

IN my preceding paper I intimated, that the bee, 
Q particular, woula furnish a copious subject, illus- 
rative of the wonderful force of instinct. But as 
he curious operations of these industrious insects 
te within the reach of actual inspection, I shaU be 
ontent, at present, to have recourse to the natural 
listory of the beaver ; a creature, whose sagacity is 
o astonishing, that we may well apply to it what the 
)oet says of the elephant ; 

How instinct varies in the grov'^Hing swine. 
Compared, haif-reasoning elephant, with thine! 
Twixt that, and reason, what a nice barrier ! 
For ever separate, yet for ever near ! pope. 

Of all animals that Uve in society, none, indeed, 
^roach nearer to human understanding than tlie 
liavers. We are struck i^itli astonishment at the 
sight of their work ; and, on reading their history, 
ire apt to imagine it to be that of a species of men. 
IVe are at a loss to determine which is most won- 
ierful in their labours ; whether the grandeur and 
olidity of the undertaking, or the exquisite art, fine 
•iews, and general design, so excellently displayed 
hroughout every part of their execution. A society 
f bea^'^rs 8eei;is to b^ an academy of engineers^ 
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that procecil on rational plans, which they rectify « 
ir.c»dity as thev judge necessary ; pursuing them lit 
exactness and perseverance. They are all actuated 
hv the same spirit^ and unite their will and strei^ 
to j>romote one common end, which is invariably the 
general good of the society. In a word, we must be 
witnesses of their pCTfomiances, betcM* we can iiiMU 
gine them to be capaWe of them. The traveler that 
should inspect their habitations, without previous 
infonnation, might think himself among a nation cf 
savii^es. 

The more remote from the tyranny of man, the 
greater seems to be the sa£;acity of animals. Th« 
beavers, in those distant solitudes where men have 
rarely passed, exert all the arts of architects and 
citizens. They build greater habitations than even 
the rational inhabitants of these countries can ^ow, 
and obey a more regular discipline than ever man 
could boast. But as soon as man intrudes upon 
their society, their spirit of industry a^d wisoMB 
ceases: they no longer exert their usual arts, but 
become patient and dull, as if to fit them for a state 
of servitude. 

The American beaver was long unknown to our 
most curious and inquisitive naturalists, or, at least, 
the accounts we' have had were so blended with 
falsehood and error, as to render them altogether of 
tloubtful authority. The memoirs of the royal aca- 
demy of sciences at Paris, and the researches, after- 
ward, of the celebrated Buffon, have entirely dissi- 
pated every doubt. 

The hair of this animal, which covers the whole 
body except the tail, is not alike tlu-oughout ; for 
there arc two sorts mixed together, which differ not 
only in length, but in colour and thickness. Part 
of it Is about an inch and a half long, and as thick 
AS the hair of a man's head, very shming, arid of a 
Ukx>wu colour, inclining somewhat to a tawny. It i3 
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of a close substance, and so solid, that no cavity can 
be perceived by a microscope. — The shortest is 
about an inch long, and is in greater plenty than the 
former : it is Uke^vise smaller and softer, insoniucli 
that it feels almost like silk. This difference of the 
hair or fur is to be met with in several animals, hut 
more particularly in tlie beaver, the otter, and the 
wild boar ; whicli, perhaj)s, may be the more neces- 
sary for these creatures, l)ecause they delight in 
muddy places, and the longest hair may sen'e to 
keep the mud from penetrating to the skin. — The 
beavers vary in colour. They arc sometimes found 
of a deep black, especially in the north ; and, in the 
Leverian Museum, there was a specimen quite white. 
As they advance southward, the beauty of their fur 
decreases. — Among the Illinois they are tawny, and 
even of a straw colour. 

The head, from the nose to the hind part, is five 
inches and a half long, and five inches broad from 
the promin«ice of the two cheek bones. The ears 
are like those of an otter, being round, and very 
short: they are covered >vith hair on the outside, 
but are almost naked within. — The conunon length 
rf a beaver, from nose to tail, is about two feet four 
inches. 

It is commonly said, that these animals delight in 
the gnawing of trees; and, in reality, their teeth 
seem to be very proper for that purjx)se, especially 
those before; but they are not sharp-ix>inted, to 
jKrve instead of a saw, as some have affirmed ; or, 
at least, they are not in the American beaver; but 
they are proper to cut with, like those of squirrels, 
porcupines, and rats. The length of those below is 
above an inch ; but the upper teeth are not quite so ' 
Ih^ ; and they shp on the side of each other, be- 
cyiuse they are not directly opposite. They are half 
mund on the outside, and ot a bright red or orange 
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mloiir. They arc about a quarter of an inch in 
brvaihh near the jaw ; but are somewhat narrower 
at iIk' exiremity. — Beside the teeth, called ihe in- 
cisure, they have sixteen grindere, that is, eight on 
«wh side, four above and four below, and they are 
lBrt^-t!y opposite to each other. 

The slrueture of their feet is very extraM^nary, 
and evinces evideiillvi that Nature designed ihwe 
snimaU to live as well in the water as on the land: 
for, although they have four feet like terrestrial ani- 
mals, yet those beliind are as fit for swimming ii 
walking, the five toes of which tJiey consist b«i)g 
joined lopelher like those of a goose, hut thdr fore- 
leet ore like the hand of a man. They are coverod 
with hair on the outside, and the nails sure long and 
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'nese animals are found in great plenty, all Found 
Hudson's Bay, and as low as Carolina ana Louinaoa. 
They are not known in East Florida, nor in South 
America. Mr. Pennant says, that the species com- 
mences in latitude GO, or about the Uivcr of Seals, 
io Hudson's Bay, and is lost in latitude 30, in Louisi- 
ana. From HudMHi's Bay and Canada, he traces 
tiiem westward to 120 degrees of longitude, as far 
as the tract west of Lac Rouge, or the Red Lake 
He tliinks it probable, that they ore continued to thi 
Western extremity of this great coiitinenl opposite M 
Asia ; for the Russian adventurers got some ol' th^ 
«kins on tlie isle of Rodjak, which the natives must 
ha\-c had from America. However, they are cer- 
, buuly Hot found in the islands of the New Archi- 
tkiUgo ; nor yet in Eamtschatka, on account of the 
KKtrniption of woods beyond the river Konyma. 
Vmwi this place, he douhts whether they are to be 
VM< wiUl asxociateii, or in a civilized state, nearep 
tjkiW) tW hanks of the river Jenesei, or the Konda* 
4tti^. v^kcc rivers \v-hich run into tlie Oby. But, i^ 
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that unsociable stiltd^ they ai^ found in the woody 
Dots of independant Tartaiy, in Russia, Lapland^ 
Norway, and Sweden. 

The American, or, as we call them, the associated 
and civilized beavers, are thcfmost sagacious and in- 
dustrious c£ animals ; and, as observed before, they 
erect edifices superior in contrivance to those of the 
savage human natives of their wilds. In order to 
finrm an haHtation^ they select a level piece of 

?'Ound, with a small rivulet running through it. 
o ^fect thdr works, a community of two or three 
hundted assemble ; and every individual of this com- 
munis bears his share in the laborious preparations. 
Some fell trees of great siee, by gnawing them a<«un- 
der with their teeth, in order to form beams or piles ; 
and they so contrive, that the tree constantly falls 
toward the water, that they may have the less way 
to carry it, when they have divided it into pieces. 
After tney have done this, they each take a piece by 
itself, and roll it toward the water^ where they in- 
tend to place it. The expedition with which they 
cut down these trees is amazing; for a liumbet of 
them surround the body, and, in a few minutes, will 
gnaw through a tree two or three ftH?t in circum- 
rarence. Others are employed in rolling the pieces 
to the water; others dive, and scrape holes with 
th^ feetj in order to fix them ; and another party 
exert their efforts to raise them in their proper places; 
A fifth party is busied in collecting twigs to wattle 
the piles ; £uid a sixth is collecting earth, stones, and 
day, which others carry on their oroad tails to their 
proper places. These beat or temper the earth into 
mortar with theit feiet, or ram it between the piles, 
or plaster the inside of their houses. 

These preparations are to form their dwelling* 
within an artificial piece of water or pond, which 
they make by raising a dam across the level spot 






886 The Contempliilive P/ii!osnp!icr. 

on which ihcy liad jriiclictl. This is done, 
driving into tlie ground stakes iive or hx " 
placwria rows, and sictiiriiig each row b 
ft with twigs, and fUling the interstice with di^ 
nuniiicil ilown close. The side next to the water is 
eloped; the other perpondictilar, The bottom ia 
from ten to twelve feet thick; the thickncsH g»- 
dually diminishing to the top, which is about two 
or three feet thick. Tlic centre of the dam forma 
a segment of a circle, from which extends, on each 
ride, it sirwglit wing. In the Centre of the dani, a 
Kutlcr it5 usually left, for the waste water to discharge 
Ueelf. These danis ai'e ofVen a hundred feet long, 
wad neatly covered with turf. 

The houses which these wise animals build are 
; Kated near the shore, in the water thus collected by 
tneons of tlie dam. They are erected upon frilcs, 
and are sometimes muno, sometimes ovid. The 
tops are vaulted, so that the inside resembles an 
0\-(-n, and tlie outside a dome. The walls ate iiliuie 
fit earth, stimes, and sljcks, and are usually two feet 
lAick. They are commonly about eight feet hirfj 
.^}ove the surface of the water, and are very neatly 
and closely plastered in the inade. The floor is a 
foot higher tlian the ivattr. The house, sometimes, 
has only one floor, which is strewed with leaves or 
moss, on which each beaver lies in its ])roper place. 
At other Umes, there are tliree apartments ; one to 
lodge, a second to cat in, and a tliird to dung in, for 
they are very cleanly, and constantly cause the filth 
to be carried off by the inferior beavers. — M. dti ' 
^atz says, that the beavers in Louisiana form nuuv 
bers of cells ; and that each animal, or, more pro- 
bably, each pair, possesses one. He says, tbiA he 
has seen no Jess thim fifteen of those cells surround- 
ing tlie centre of one house. He also acquaints us, 
that the beavers of Louisiana oi-e a tliira less than 
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the brown sort, and that they are coYered with 
i cinereous down, over wliicli are long silvery 
(lairs. 

In each house are two openings; one is toward 
the land ; the other is within, and communicates with 
Jie water, for the conveniency of gettuig to their 
nagazine of provisions in frosty weather. This ori^ 
ice is fermea so as to be below the tliickness of the 
ce; for they lodge thdr provisions under tlie water, 
ind dive^ and bnng it into the house, as they want 
t They begin to build these houses when they 
form a new settlement in the summer, and it costs 
them a whole season to finisli tlieir work, and to lay 
In their provisions* 

These beavers seem to be among quadrupetl» 
vrhat bees are among insects. They have a cnief, 
3r superintendant, in their works, who dire(*ts the 
vrholc ; and the utmost attention is paid to him by 
the whole community. Each individual has a task 
dlotted, which he undertakes with the utmost alti- 
aity. The overseer gives a signal, by a certain 
lumber of slaps with his tail, expix'ssive of hi» 
irders. The moment the artificers hear it, they 
lasten to the place thus pointed out, and j>crfbnn 
he allotted laoour; whetner to draw the wood, to 
»rry the clay, or repair any accidental breach.— 
rhev have also their centinels among them, who, 
)y tne same kind of signal, give notice of any ap- 
)rehended danger. They have, moreover, says 
llr. Graham, a sort of slavish beaver among thein 
analogous to the drone) which they employ in ser- 
vile works, and the domestic drudgery. 

The number of houses in each pond is from ten 
o twenty-five ; the number of animals in each from 
;wo to thirty. They are supposed to associate in 
pairs. They are, therefore, monogamous, which i^ 
mother proof of their approach to civilization. 
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Tficir foo*!, which is laid in before winter, hyflif 
tcnanU ot't'och hou)>c, consists of the bark aiid tioughs 
of trees, Mr. Lawsou nays, that they are fondtst uf 
the sassafras, ash, and s^ect gum. In suiiuiier, xht^ 
live on leaves, fruit, and soDietimes crabs and craw- 
fish : but tliey arc not fond of (ish. 

Their sagacity in laying in tlieir winter proriEMlD 
is wonderful. They cut the wood they prefer iala 
certain lengths; these they pile in heaps bcnek^ 
the water, to keep them moist ; and when they vaut 
food, they bite the wood into Bmall nieces, ana Ining 
it into their houses. Father Chanevoix sayuj that 
the Indians observe the quantity which llie heaven 
lay in at the approadi of winter ; and that it is the 
almanack of the savages, w)io judge, from the greater 
or less stock, of the severity or mildness of uie ap- 
proaching season. 

The beaVers of >\merica have a variety of lakes 
and waters, in wliich they might fix their seats ; but, 
their sagacity informs tlien of tJie precanous tniure 
of sueh dwellings, which are liable to be overthrona- 
by every flood. This is their inducement for under' 
taking their fast and wonderful labours, in plac«i 
where no such inconvenience can be felt. Havii^i 
thei^ore, formed a dam, as before observed, to sup- 
port a reservoir, fed only by a rivulet, they have 
nothing to fear but from land floods, or the sudden 
melting of the snows. 'ITiesc, sometimes, make, 
breacbeii, or damage then: houses; but the defects 
are instantly repaired. 

In a word, so wonderful are the sagacity, the. 
skill, and the labours of beavers, that, as M. Bonnet 
observes, they will ever rcmwn an impenetrable 
enigma to philosophers. They arc endued, he- 
thinks, widi a kind of understanding, which seems;, 
to place them between man and other animals^ 
Tlieir norksj indeed, bcju" the greatest resemblance' 
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those of man ; and were we to judge of them 
m thdr first impres^on upon us, we should be 
; to conclude that these animals were actually ei^ 
3d with understanding and reflection. But, from 
loBer inspection, it wiU appear, that in all their 
hitecture, they are not actuated by reflecticm, but 
that instinct which is innate in them* Were 
Y capable of reflection, they might build very 
erently now from what they did formerly ; and 
should perceive, in their habitations, the traces 
greater perfection, and continual improvement 
t we may perceive, that they adhere invariably to 
ir ancient methods; and that they never depart 
m the circle which nature has prescribed to them. 
be beavers, therefore, build no otherwise now, 
in they did before the deluge.— This, however, 
mot duninish our admiration of them; for of all 
! animals that live in society, these, certainly, ap- 
Mch the nearest to human reason ; and they leave 
in astonishment, to exclaim with the poet of the 



What is this Mighty Breath, ye sages, say. 
That in a powerful language, felt, not heard, 
Instructs tnem? 



rot. It. 
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OK THE HABITATIONS OF ANIMALS }S 
GEMGBAL. 

QeboU the aciing aiid comjiaiiug pow«ri 

One in ihcir naitirc, which are tivo in oanl 

And reason r^ise o'er inilinct as you can. 

In ihi) 'lis God directs, in thai lis man. jon- 

INSTINCTIVE ingenuity, in the constniction 
of their habitations, is not confined to insects: it it 
viable, for tlie same common ends, in the admin^ 
contrivances of quaclriipeds and birds. In soipe 
tbrmer papers, I enterea into a discusMon of instinct 
in general', exemplified by the natural Iiistnry of the 
beaver^ and by some obRervadons on tlie nidifies 
tion of buds' ; and I shall devote my present ( 
to some considerations on the habitations of aiu 
in general. 

With regard to quadrupeds, many of them em- 
ploy no kind of architecture, but live constantly m 
the open aai. When not under the immediate pro- 
tection of man, they shelter themselves in rou^ 
stormy weather, among trees or bushes, or ret 
under the covertiu'e of projecting rocks, or theoc 
of hills opposite to those from which the wind ptot 
ceeds. Beside these arts of defence, to which the^ 
are prompted by instinct and e^iperience, NatuiV 
furnishes them, dunng the winter month*, widi 
a double portion of long hair, which protects l' 
jrom cold, and other assaults of tlie weather. 

Of the Quadrupeds that make or cJiooee Iialnt^ 
tions tor tiiemselves, some dig holes in the earth, 
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"ome take rd'iige in the cavities of decayert trees, 
uiid ia the clefts of rucks, and some actually con- 
siruct caUiis or houses. But the anifices they «n- 
pioy, the materiab they use, and the situations thej- 
select, are so various, and mi numerous, tliat I ain 
oeccssarily confined to a fe-K of tlie more curitwi-; 
examples. 

Of the operations and architecture of llie bearer, 1 
We alreaoy, as obEer\'ed above, pven a very amplp 
wcount. Tne Alpine marmot is a quadruped about 
sixteen inches in length, and has a short tail. In 
figure, tlie marmots have some resemblance tmtli 
to the rat and to the bear. When tamed, they eat 
wnry tliiitg pi-esented to them ; as fiesh, bread, 
rruit, roots, herbs, insects, &c. They delight in tlie 
re^ons of frost and snow, and are only to be found 
on tlie tops of the hi^iest mountains. They remain 
in a torpid state during winter. About die end of 
September or bediming of October, they retire into 
their lioles, and never come abroad agiun till tlie b(s 
^niung of April. Their retreats are formed with 
much art and precauUon. Witli their feet and claws, 
which are admirably adapted to the purpose, thcj 
(iig the earth with amazing quickness, and throw 
it behind them. They do not make a simple bote, 
IK a straight or winding tube, but a kind of gallery 
in the form of a Y, each branch of which has an 
i^)ertiire, and both terminate in a capacious apart- 
ment, where several of the animals lodge togettier. 
As the whole operation is performed on the declivity 
rf « mountmn, this innermost apartment is alone 
borizontal. Both branches of the Y are inclined. 
I One of the branches descends under the apartment, 
I and ftdlfnra the dechvity of the mountain. This 
branch is a kind of aqueduct, and receives and car- 
I net offthe excrements of the animals; and the other, 

E above the prindpal apartment, is used 
in and going out The place of thdr~" 



h 

I 



The Cnntemplativt Philosopher, mo. lxx. 

8 veil lined wiih moss and hay, of which tb^ 
great store during the summpr. They aie 
anitnals. Several of them live tcwether, and 
work in common when forming their nabitations. 
Thither they retire during rain, or upon the ap- 
proach of daJnger. One of them stands centinel upon 
a rock^ while the others gambol upon the grass, w 
are emplojred in cutting X in order to make hay. 
If the centinel perceives a man, an eagle, a d(^, W 
other dangerous animal, he alarms his companiois 
by a loiid whistle, and ix himself the last that enten 
the hole. As they continue torpid during winter, 
and, as if Uiey foresaw diat they would tnen have 
no occa^oD for victuals, they lay up no provisitflH 
in their apartments. But, when they feel the fint 
approaches at' the sleeping season, dicy shut Up both 
passages to tjieir habitation ; and this operation they 
perform with such labour and solidity, that it is more 
easy to dig the earth any where else than in sluJi 
parts aa tliey have thus Jortilied. At this time tiiey 
are very fat, weighing sometimes twenty pounds. 
They continue to lie plump for. three months; but 
afterward they gradually decline, and, at the end of 
winter, are extremely emaciated. When seized in 
their retreats, they appear rolled up in the (ana erf a 
ball, and covered with boy. In this state, they are 
so torpid that tliey may be killed without seeming 
to feel pain. The hunters select the fattest (or eat I 
ing, and keep the young ones for taming. Like the | 
dormice, and all the other animals which sleep during , 
winter, the marmots are revived by a gradual anct , 
gentli^ heat : and it is remarkable, that those whiA i 
are fed in houses, and kept warm, never beeonW ' 
toq)id, but are equally active and lively during thw 
whole year. 

The habitation where moles deposit their j 
merits a particular description ; Itecause it is c 
structed witli pectiliai- intelligence, and because tl 
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mole is an animal with which we are wdl ac- 
quaintei). They beein by riusing the earth, bbA 
torniing a pretty high arch. They have partitions, 
or & kind of pillars, at certain distances, beat and 
[K¥ss the earth, interweave it with the roots of plants, 
and render it so liard and sohd, that the water can- 
not penetrate the vault, on account of its convexity 
and firmness. They then elevate a little hilloeJt 
under the principal arcli ; upon the latter they lav 
herbs and leaves for a bed to their young. In this 
situation thoy are above the level of the groimd, and, 
of course, beyond the reach of ordinary miindations. 
They are, at the same time, defended from tlie rains 
hy the large vault that covers the internal one, upon 
the convexity of which last they rest along with their 
young. This internal hillock is pierced on all sides 
ivith sloping holes, which descend still lower, and 
^ETve as subterraneous passages lor the mother to go 
in quest of food for herself and her offspring. These 
by-paths are beaten and firm, extend about twelve 
or hrteen paces, and issue from the nrincipal mansion 
bke rays from a centre. Under the superior vault 
irfi likewise find remains of the roots of the meadow 
'nffimi, which seem to be the first ibod ^ven to the 
young. From this description it appears, that the 
mole never comes abroad but at considerable di- 
stances from her habitation. Moles, like the lieavers, 
pmr; and so hvely and reciprocal an attachment 
subifists between them, that they seem to disrelish 
nil other sodety. In their dark alxxles they enjoy 
the placid habits of repose and solitude, the ajt of 
securing themselves from injury, of almost instan- 
taneously making an asylum or habitation, and of 
procuring a plentiful sultsistence without the neces- 
sity of going abroad. They shut up the entrance of 
their retreats, and seldom leave them, unless com- ' 
pelled by the atlmission of water, or when their 
mansions arc demolished by art. 
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The aiditicatioii ol' birds hus at all times (lesetT- 
jvUy called forth the admiration of mankind. Thai 
bests, in general, are built with eucb exquisite art, 
Skot an exact imitation of llieiu exceeds all tbe 

S.wcr8 of human skill. Their style of arvhitectUR^ 
e materials they employ, and tlie ^tuations tlieT 
jeloct, are as vanoiis as the ditferent speuex. Indb 
^tduals of the same species, whatever region of (lie 
ll^be they inhabit, collect tlie same materials, of- 
f&nge and coiwUiict them in tlie eaine form, and 
Slake dunce of similar jiituations for erecting tbeii 
temporary hahitation.s ; for the neEts of Inrds, ihow 
is van eagle-kind excepted, after tlie yoiin^ ha'rc 
Bome to maturity, are tor ever abandoned oy the 
ftorents. 

To describe minutely the nests of birds would be 
vain attempt. Such descriptions could not «>nvej' 
An adequate idea of their architecture to a person 
who had never seen one of those beautitul and com- 
aiodious habitations, which even astonish and exdtc 
^e amazement of children. 

', The tiifi'erent orders of birds exhibit great variety 
fbi the materials and structiii-e of their nests. Those 
Ifif the rapacious tribes are in general rude, and coni- 

£ised of coarse materials, as ihied twigs, bents, &c. 
ut they are often hned with soft substances. They 
build in elevated i-ocks, ruinous and setjuesterea 
castles and towers, and in other sohtary retirements. 
1'ht^ aerie or nest of the eagle is quite flat, and not 
lioUow, like those of other birds, The male and 
'female commonly place their nest between two roclu^ 
in a dry and inaccessible situation. The same nest, 
•k is said, serves the eagle during life. The struc- 
ture is so considerable, imd composed of such solid 
materials, that it may last many years. Its tbnnre- 
aembles that of a floor. Its basis con^sts of sticks 
idmut five or ax feet in- length, which are supported 
end, and these are covered with several 
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* ntslies and heath. An eagle's nest was 
found in the Peak i>f Derbyshire, wliich Willoaghby 
describes in the fbilowing manner : ' It was maac of 
^rreat sticks, resting one end on the edge of a rtx^ 
the other on a birch D-ee. Upon these was a layra- 
of rushes, and over them a layer of heath, and tm 
the heath rushes again ; upon which lay one young, 
and an nddle egg; and by them a Iamb, a hare, and 
ihree heatli pouts. Tlie nest was about two yards 
nc[U3re, and tiad no hollow in it.' fiut the butcher- 
birds, or shrikes, which are less rapacious than 
engles and hawks, build their habitations in shrubs 
ana bushes, and employ moss, wool, and other sofl 
taaterials. 

The birds befong^ng to tlic order of Pies in Mr. 
Pennant's Genera of Birds, are extremely irr^ular 
in constructing their nests. Tlie common magpies 
build their nests in trees, and their structure is ad- 
mirably contrived (or aifurtling warmth and protec- 
tion to their young. The nest is not open at top : 
it is covered, in the most dexterous manner, with an 
anth or dome, and a small opening in the side of it 
IB left, to ^vc the parents an opportunity of passing 
in and out at thtir pleasure. To protect then eggs 
I joung from the attacks of otlier animals, tne 
;{nes place, all round the external surface of 
r nest, sharp briars and thorns. The long-ttuled 
lOUse, or oxeye, builds nearly like the wren, but 
__S stili greater art. With the same materials as 
tbe rest ol the structure, tlie titmouse builds an arch 
mee the top of the nest, which resembles an eeg 
Oected upon one end, and leaves a small hole in tile 
side for a passage. Both ^ga and young, by this 
contrivance, are defended from the injunes of the 
^, rain, cold, &c. That the young may have a 
soft and warm bed, she lines the inside of the nest J 
with feathers, down, and cobwebs. The sides and i 
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Toof are composetl of mos; and wool interwons in 
tile most cuncnis and artifidaJ manner. 

I havu before menUoned ', lliat, in wann diinaUi^ 
autny small birds suspended their aests on tender 
twigs of trees, to prevent their being destroyed bv 
llKinkeyB. In Eimipe, there are only three Irirds 
which build pensile nests, namely, the conuntH] 
«riola, the paruK jyenduiiniis, or hang-nest titmouBei 
and another pen^c nest, belonging to some un- 
known bird, was lately discovered by Mr. Peimant, 
dear the house uf Bl^ in Atholc, in the north of 
Scotland. In a spruce fir-tree, Mr. Pennant re- 
marks % was a hang-nest of some unknown bird, 
suspended at the four corners to the boughs. It 
was open at top, an inch and a half diameter, and 
two inches deep : the sides and bottom thick ; the 
materials moss, worsted, and birch bark, lined with 
feathei^ 

It is a Angular, though a well attested fact, that 
the cuckoo makes no nest, and nether hatches noi 
feeds her 6wn young. ' The hedge-sparrow (says 
Mr. Willoughby) is the cuckooes nurse, but not the 
kedge-aparrow only, but also ringdoves, larks, 
fincnes. I myself, witli many others, have seen a 
wa^tiul feeding a young cuckoo. The cuckoo her- 
self builds no nest ; but having found the nest of 
some httle bird, she eitlier devours or destroys tlie 
eggs she there finds, and, in the room thereof, lays 
one of her own, and so forsakes it. The silly bird 
retuniing, sits on this egg, hatches it, and, witli a 
great deal of care and toil, broods, feeds, and che- 
nshes the young cuckoo for her own, untU it ba 
Brown up and oiAe to fly and shift for itself. WhicJi 
Using seems so strange, monstrous, and absurd, that 
for my part I cannot suffiaently wonder there should 
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be such an example in Nature ; nor could I ever have 
been induced to uclicve Oiat such a thing had been 
done by Nature's instinct, had I not with mine own 
eyes seen it. For Nature, in other things, is wont 
constantly to observe one and the same law and order, 
agreeably to the highest reason and prudence; 
which in tlus case is, that the dams make nests for 
themselves, if need be, sit upon their own eggs, and 
bring up their own young after they are hatched'.' 
This economy, in the history of the cuckoo, is not 
only singular, but seems to contradict one of the 
most universal laws established among animated 
beings, and particularly among the feathered tribes, 
namely, the hatching and reanng of their offspring. 
Still, however, Hke the ostrich in very warm climates, 
though the cuckoo nather hatches nor feeds her 
young, she places her eggs in situations where they 
are both hatched and her offspring brought to ma- 
turity. Here the stupidity of the one amraal makes 
it a dupe to tlie rapine and chicfuie of the Other; 
for the cuckoo always destroys the eggs of the small 
bird before she deposits her own. 

Most of the passerine or small ti-ibes build their 
nests in hedges, shrubs, or bushes ; though some of 
them, as the lark and the goatsucker, build upon the 
ground. The nests of small birds are more delicate 
in their structure and contrivance than those of the 
larger kinds. As the size of their bodies, and like- 
wise that of their eggs, are smaller, the materials of 
which their nests are composed are generally wanner. 
Small bodies retain heat a shorter time than those 
which are large. Hence the eggs of small birds re- 
(juire a more constant supply of heat than those of 
greater dimensions. Their nests, accordingly, are 
Built proportionally warmer and deeper, and they 
arc lined with softer substances. The larger inrds, 

' Willoughby'a Ornithology, page gs. 
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_ cborae, can leave ihor c^ss for wrae time mA 
bipiinity; but the smaller Tinds sit most anido- 
■ualy ; for, when the female is oliligecl to ^ almd 
Id quest c^ food, the aest is always occupied by tbe 
Vtale. When a neat is finished, notluii? can ennd 
ihc dexterity of both male and female in conoeaBlf[ 
it from tlie observation of nmn, and of other &■ 
ttnictivc animals. If it is built in busfie% the pfioi 
Imtncht-H are disposed in such a manner as to hideit 
entirely from view. To conceal her retreat, die 
chaffinch covers the outside of her nest with moss, 
vhicli ix commonly of the same colour with the bark 
•f the tree on which she builds. The conunon 
swallow builds its nest on the tops of chimneys; and 
Ae martin attaches hers to the corners of windovs, 
or under the eaves of houses. Both empW the 
iOme materials. The nest is built with mua well 
tempered by the bill, and moistened with water lo 
make it more fumly cohere ; and the mud or clay it 
ki'iit Rtilt firmer by a mixture of straw or grass. 
W ithin, it is neatly lined with feathers. Willoughby, 
on the authority of Bontius, informs us, ' That, on 
the Reocoast of the kingdom of China, a sort of small 
parly-coloiircd birds, of the shape of swallows, at a 
Orrtain neoson of the vt^ar, namely, their breeding 
time, conic out of the midland country to the rocks; 
«id from the ftHim or froth of the sea water dashing 
•nd breaking against the bottom of the rocks, gather 
ft otrtain dummy, glutinous matter, perchMice the 
Rwm of \rfiales, or other fishes, of which they build 
' tlieir nrsts. These nests the Chinese pluck &om 
the mckis and bring than in great numbers into 
Ac Ensl Indies to sell: which are esteemed by glut- 
toaw gT«ut dt'Iicocics, who, dissolving them in ehickm 
or mutton broUi, are very fond of them, preferring 
thcfn for before oysters, nushrooms, or other dainty 
and lickerish morsels which most gratity the palate. 
•^■Tliese oests we of a hemispbencal figure, of the 
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w of a gooHe^gg, and of a substance resembltt^ 

Host of ihe cloven-footed waterfowls, or waders, 

f their eggs upon the ground. But the spoonlnll 

'^ the common heron build large nests in trees, 

3 employ twigs and other coarse materials ; and 

( storits build on churches, or on the lops of 

' ises. Many also of the webfooted fowls lay their 

B on the ground, as the terns, and some of the 

*! and mergansers. But ducks pull the down 

1 their own breasts to aftbrd a wanner and more 

■fortable bed for their young. The auka, the 

'" 3mota, and the puffins, lav their eggs on the 

1 shelves of high rocks. The penguins, for the 

■ purpose, dig large and deep holes under 

I is not unworthy of remark, that birds ura- 

oly proportion the dimensions of th«r nests to 

(i number and size of the young to be produced. 

? spedes lays nearly a determined number of 

But, if one be eacli day abstracted from the 

, the bird continues to lay daily more tiU her 

^ber is completed. Dr. Lister, by this practice, 

le a swallow lay no less than nineteen eggs. 

innumerable other particulars might he adduced 

(he force of instinct in the brute creation, with 

BCt to their habitations. But suflGcient have been 

.merated, to evince how much the providential 

C of the Divine Being is extended over universal 

Itence. — I shall conclude this paper with the ob- 

mti<His of an ingenious writei"% on the beaver, in 

ular, which are well wortliy the attention of 

k proud politicians of the human race, who are 

Says warmly contending concerning the origin 

—^ Wllloaghbv's OcnithDki^jr, pnge 215. 
PSmdlic, in'his Philosophj of Naiural Historjr. 



TV Caitempiatitt PMompher. itfl 

^ , the subveraon aiid — j- •^— t 

s taUDcOua of empires : 

t to tlK imcUigeiKe cxliilnteii in human so> 

at of llw leavers is the most oonspicuow- 

r apcnuiottt in preparing, fashioning, and traM- 

[ tbe bmvy nutcriols for building tbeir «w- 

i, tuv tntly astonishing; and, whoi m 

nry, we are apt to think that we ow 

^ (bt history of man in u period of sooety 

aaaklentbfy advanced. It is onlv b^ the 

I alreigth, am) co-operation of numbers, tJut 

Skwrs cDatd be enabled to produce such won- 

I dfecCsi fVv, in a solitary state, as tlicy at 

t ^ipear in some northern parts at' Europe, 

I, Uke sobtary savages, arc timid aod 

als. They nmther assoaate, nor attempt 

I villages, but content themselves will) 

[ ht4es in tlie earth. Like men under the 

a of despotic governments, the spirit of the 

I ttctt\'er$ is depressed, and their genius b 

lied by terror, and by a perpetualand ne- 

jr attention to individual safety. The northern 

Lfwrts of Europe ore now so populous, and the ani- 

I-ShIs thnc aiv so perpetually hunted tor the sake ctf 

f litnr furs, that they have no opportunity of associ- 

I tliiiji; ; of course, those wonderful marks of their ga^ 

I Mrity, which they exhibit in the remote and unin- 

I iwiited rt^ons ot North Amenca, are no longer to 

I wo found. The souety of beavers is a society of 

J notoe nnd eSectioa. They never quarrel nor in- 

I jure one another, but live togetlier in different num- 

Plers, according to the dimensions of particular ca- 

hias, in the most perfect harmony. The principle 

of their union is neither monarchical nor despotic. 

Bui the inlmbitants of the dilTerent cabins, as well 

I as thoae of the whole village, seem to acknowledge 

[ Mo diief or leader whatever. Their association pre- 
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seats to cnir observation a model of a pure and 
peirfect republic, the only basis of which is mutual 
and unequivocal attachment They have no law 
but the law of love and of parental affection. Hu- 
numity prompts us to wish that it were possible to 
estabhsh republics of this kind among mankind. 
But the di«)oations of men have little affinity to 
liioBe of the oeavers.* 



No. LXXI. 

ON THE INSTINCT OF AFFECTION IN THE 
BRUTE CREATION. 

Tis lore creatiis their melody, and all 

This waste of music is the voice of love; 

That even to birds, and beasts, the tender arts 

Of pleasing teaches. Thomson. 

Is it for thee the linnet pours his throat? ' 
Loves of his own and raptures swell the note. 

POPE. 

THE great intention of Nature, in endowing al- 
ibOBt every animal with a sexual attachment, is the 
muhiplicaticm and continuation of the respective spe- 
oes. But, with regard to man, and, m an iiue- 
lior degree, to all pairing animals, love is the source 
of many other social and important advantages. 
Love, or a strong aflfection for a particular woman, 
is to young men, perhaps, one of the greatest incen- 
tives to virtue and propriety of conduct. This ob- 
servation, however, I snail not pursue, as it is more 
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properly tlie stibject of a monl essay. My preseH 
(iisquUItioa shall be coniincd to that instiiict i 
Nature in tlie bnite creation, taught by whidi 
they fomi nx'iprocal attadiments, and evince th 
most powerful and uncontrollable affection for (heir 
young. 

The love of oi^ring, though not universal, tt^ 
perhaps, the strongest and most active prindpte t" 
nature. It overcomes the sense of pain, and ev£ 
the principle of self-preservalkin. Among roan 
wonaerful examples of this, may be mentioned thi 
of a bitch, which, during the operation of dissedjoi 
licked her young, whose presence seemed to mall 
her forget the most excruciating tortures; an^ 
when they were removed, sHl- uttered the most d* 
lorous cries'. — Certain speaes of spiders incloN 
their eggs in a silken bag spun and wove by them 
selves. This bag they fix to their back, and can^ 
it along with them wherever tliey go. They an 
extremely nimble in their motions. But, wlien th 
bag is forced from a spider oi' this kind, her natun 
agility forsakes her, and she lalls into a langut 
state. When the bag is again presented to her, shl 
instantly seizes it, and carries it oft' with rapidit| 
The young spiders no sooner escape from the tffi 
than they dexterously arrange themselves on tt 
back of the mother, who continues, for some timi 
to carry them about with her, and to supply oil th( 
wants. Another species of spider attaches her h 
of eggs to her belly. This spider is likewise va 
agile, and so ferocious and determined in the p» 
tection of her eggs, that she has been known to si: 
fer death rather than relinquish them. — The hii* 

rntaneously presents herself to l)e cliased by th 
js, to prevent their attacking her fawn. — Whe 
the fox perceives that her young have been disturber 

• Smellic'iPhilosophy of Natural HJitoiy. 
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in her absence, she carries tliem off, one after an- 
other, and conceals theni in a new retreat, — Wasps 
feed th^ young, when in the worni or caterpillar 
Atate, in the same manner as pigeons and other nirds 
diat disgoree. The pigeon, ailer swallowing grain, 
retains it tor some time in her stomach, till it is 
softened and maoerated: she then disgorges, and 
throws it into the mouths of her young. * In the 
same manner (says Reaumur) I nave observed a 
Temale wasp swallow a large portion of an Insect : in 
a sliort time afterward, 3ie traversed the different 
cells of her nest, disgorged the contents of hw sto- 
mach, and distiibuted fiiod in this half digested form 
to her young worms.' 

All animals acquire a double portion of force and 
coiurage after they bring fortli. A cow, at least in 
.1 domestic state, is a placid and phlegmatic animal : 
tnit, whenever she produces a call, a wonderful 
change is exhibited : she instantly becomes vigilant, 
active, and even ferocious, in the defence of her 
young. A lioness deprived of her cubs presents the 
most dreadful picture of anxiety, rage, and rapacity. 
Descending lower in the scale ot' animation, the some 
change is to be remarked. A domestic hen is a 
timid, indoale, and obstinately stupid creature. 
Though chased, harassed, aiid even put in danger 
of her life, fifty times in a day, she never learns to 
avoid a garden, or any particular place which she is 
Accustomed to frequent, or to which she is led by her 
appelate for food: but, tlie moment her chicken are 
hatched, instead of her usual timidity, she becomes 
ns bold as a lion. When she thinks her young are 
in danger, she bristles up her feathers, assumes a 
fierceness in her eye, maltes an alarming noise, and 
attacks, in the most furious manner, and without 
distinction, every animal that comes near her. By 
the suddenness of her onsets, she often alarms men, 
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and artiioUy intimidates and beats off* dogs, aiU 
other aniniais, tliaC »>uld devour her in ao instant 

Though several of tlie insect tribts discover i 
strong attachment to dieti' young, yet all thra 
which undergo transformations, and do not (cht 
societies, must be completely ignorant of the exii ' 
ence of tlieir progeny; because, in general, thef 
rents die before tlie young are hatched. Natui 
however, has endowed those species with an instinc 
which produces all the effects of parental affecti(m 
they uniformly deposit their eggs in substances whid 
afford to the young, immediately after their esc^ 
from the egg, a nourishmenL adapted to their 
spective constitutions, and a comfortable and s 
protection from injury. Thus, Nature, ever at 
tcntive to the continuation and happiness of ha 
productions, liowever seemingly insigmficant in th 
si:ale of being, often employs very different i 
to accomplish the same beneficent purposes. 

Nature has unquestionably attached pleasure to a 
the necessary functions of animals. But this pic 
sure cannot be considered as the original cause 
any particular action; for the experiment must b 
made before the animal can discover whether th 
result is to be agreeable or disagreeable. The truti 
is, that Nature has bestowed on the minds of al 
animated creatures a. number of laws or instinct 
perfectly accommodated to the species, and whii 
u:reastibly compel them to perform certain actioi 
The effects of diese laws we percave: but th 
causes, or the modes by which they operate ' 
animal minds, are inscrutable. We may and mi 
admire, but we can never penetrate the mysteries 
Nature. 

Marriage, or pairing, though by no means 
universal mstJtution of Nature, is not unfrequentb 
exhibited in the animal creation. In the featherel 
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race, for instance, the same impulse, or law of Na- 
ture, takes place among the partridge tribes, the 
swallows, the linnets, and, Ln general, all tlie small 
birds. The assiduity, attention, mutual affection, 
laborious vigilance, and sledfast fidelity of pairing 
animals, are truly admirabtf, and, to ingenious 
minds, afford the most exemplary admonitions to 
virtue and conjugal attachment. Indeed, in ge- 
neral, it is to be remarked, that all those species of 
anim&ls, whose offspring require, for some Ume, the 
industry and support of both parents, are endowed 
with the instinct of selection, or of pairing. "With 
regard to the feathered tribes, p^ng is almost uni- 
versal. A distinction, however, as to the duration 
and circumstances of tlitar pairing, is to be observed. 
The young of all the small birds, as well as of most 
of the larger kinds, continue for some weeks in a 
weak and helpless condition. The mother is not, 
like quadrupctls, pro\'ided with organs fitted to se 
Crete milk ; of course, she is unable to nourish them 
out of her own body. She is therefore obliged to 
go abroad in quest of food for them. But die pro- 
geny are so numerous, that all her industry, if not 
aaNsted by the father, would be ineffectual for their 
support and protection. In all birds whose young 
are m this condition, the males and females not only 
pair, but each of them is endowed with the strongest 
parental affection. Both are etjually anxious and 
industrious in procuring fixxl tor their mutual ofi- 
spring. This parental care and attachment uniform- 
ly continue till the young are fledged, and have ac- 
quired sufficient strength to provide for themselves. 
Eagles, and some other birds of prey, continue taitli- 
fully in pairs for years, and perhaps during hfe. 
These facts afford a strong argument in favour rf 
marriage among mankind. No animal remains so 
■ I the infant and helpless state as the children 
i; and no mother can, but ivith great diffi- 
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culty, procure tkuurishment (or a nuinertms t'airalT. 
Here, a& in t)ie fi>ut)iere<l tribes, the assistance of toe 
&Uier bectHites indispensable. On this subject, i 
curiouB instinct merits attentiun. The male oi' nioK 
birds not only sdecta a female, but, with great asi- 
duity, brings food to her when sitting on her eggsi 
and often relieves her bj sitting on tliem himself. 

I cannot I'orbear, in this place, to illuhtrate m; 
nubjecl, by some beaiiliful passages from ThomaoD, 
that accurate observer, and enthusiastic admim, of 
rural nature: 



The glossy kind 
Try every winning way inventive love 
Can dictate, and la courlsliip to their males 
Pnur forth ilieir little aoals. 
Connubial leagues agreed, to ihc deep wikmU 
They haste away, all as iheit fancy leads. 
Pleasure, or food, or secret safety prompts ; 
That Nature's great comQi^nd may be obeyeJ, 
Nor all the sweet sensations the; perceive 
Indulged in vnin. 

The patient dam assiduous sits. 
Not to be tempted from her ten<ler task. 
Or bj sharp hunger, or by smooth delight, 
Though the whole loosened Spring around her Uowi. 
Her sympathizing lover lakes nis stand 
High on ih' opponent bank, and ceaseless sinp 
The tediouf time away \ at else supplies 
Her place a moment, while she suddcti flits 
To pick the scanty meal. Til' ap|ioinie<l lime 
Wiih pious toil fulRlled, [he calluw young, 
Warmed and cKpauded into perfect life. 
Their brittle bondage break, and come to light, 
A helpless family, deinanding fooil 
With constant clamour : O what passions then, 
What melling sentiments of kindly care. 
On the new parents seize I Away they Sy 
Affectionate, ami undesiring bear 
The most delicious morsel to iheir young ; 
Which equally distributed, again 
ThesBircn b^ins. 
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Nor toil alone thej soom : ezaUiD^ lore. 

By the gteat Father of the Sprinc inspired^ 

Gives instant courage to the/earful race. 

And to the mmpie art. With steahhy wing* 

Should some rude foot their woody haunts molest^ 

Amid a neighbouring bush they silent drop, 

And whirring thence, as if alarmed, deceive 

Th* unfeeling schoolboy. Hence, around the head 

Of wandering swain, the white-winttd plover wheels 

Her sounding flight, and then directly on 

In long excursion skims the level lawn. 

To tempt him from tier nest. The wild-duck, hence, 

0*er the rough moss, and o'er the trackless waste 

The heath-hen flutters, pious fraud ! to lead 

The hot pursuing spaniel far astray. 

But now the feathered yooth their former boimds. 

Ardent, disdain ; and, weighing oh their wings. 

Demand the free possession of the sky : 

This one glad office more, and then dissolves 

Parental love at once, now needless grown. 

Unlavish Wisdom never works in vain. 

*Tis on some evening, sunny, grateful, mild. 

When nought bot iMum is breathing through the woods. 

With yellow lustre bright, that the new tribes 

Visit tne spacious heavens, and look abroad 

On nature s common, far as they can see. 

Or wing, their range and pasture. 0*er the boughs 

Dancing about, still at the giddy verge 

Their resolution fails; their pinions still. 

In loose libration stretched, to trust the void 

Trembling refuse : till down before them fly 

The parent-guides, and chide, exhort, command. 

Or push them off'. The surging air receives 

Its plumy burden ; and their self-taught wings 

Winnow the waving element. On ground 

Alighted, t)older up again they lead. 

Farther and farther on, the lengthening flight ; 

Till, vanished every fear, and every power 

Roused into life and action, light in air 

Th* acquitted parents see their soaring race. 

And once rejoicing never know them more. 

The careful hen 
Calls all her chirping family around. 
Fed and defended by the fearless cock ; 
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Whoie breast wiili unlour flanm, Bi on he walki, 
Gtucrful. and ciawa itcfiance. In tliv |>and. 
The liiieljrclicquereflduck, bernieher 'rain, 
Kows gar rule u«. The siatdy-^.ii ling swan 
Gives out hia inony pluma§!e lo ihc gale i 
And, archine proud his neck, with oary fret 
Bears Torwa^ fierce, and guard.'- his osiei i»le. 
Protective uf hit fDu'if; The lirhejr nij^h. 
Loud -ihrea ten ine rntdena , while ihe peacock spreadi 
Hi« eirr coloured glaij to thesun. 
And awiin' in radiaal majesty along. 
O'er the whole homely scene, IhectMingdovC 
Flies thick in amorous chase, and wanton rolls 
The glancing eye, and turns the changeful neck. 

It would exceed the limits of this paper, if I were 
tu extend my observattonit to quadrupetla, anumg 
whom pairing does not universally take pkci'. 
There is one circumstance, however, which I can- 
not pass unnoticed, as it displays most conspicuously 
the over-ruling care of Providence ; namely, lliat in 
llie brute creation, with some few exceptions, the 
seasons of love are limited to particular times of the 
jear. These seasons, though various, are admirably 
adapted to the nature and economy of the different 
species. They are so contrived, as well as the time 
m gestation, that the offspring, when brought forth, 
ore amply supplied with tlie particular species of 
food upon winch they principally live. To instance 
in tlie feathered race, the voung of pairing bii-ds are 
produced in the spring, when the weather begins to 
be comfortably warm, and their natimd food ab»unds. 
In a wont, the brining forth, or hatching, of oU 
animals, not excludmg the insect tribes, uniformly 
takes place at those seasons of tlie year when tbi 
nature of the weather, and the food peculiar to th< 
species, are best adapted to the constitution of theic 
offspring. Caterpillars of every kind are never 
hatched till the various pLmts on which they feed, 
though they grow in different inontlis, have put fortli 
thoj l eaves, ' 
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No. LXXII. 

ON THE ARTIFICES OF VARIOUS KINDS 

OF ANIMALS. 

One portion of informing fire was given 
To brutes, th* inferior family of Heaven. 

DRYDEK. 

For He, SupreQie Existence, ever ncjr. 

Informs them. DYKR. 

HAVING treated ktely on the principle of as- 
sociation, and the instinct of affection, as they per- 
vade the Iwrute creation, I shall close my observations 
on animals in general, ^ith some instances of the 
▼ondarftil artifices which various kinds of them em- 
{doy, rithef for self-preservation, or the protection 
of their youns. 

Many of tinese aJts are purely instinctive, and 
others are acquired by experience and imitation. 
The love of life, the desire of multiplying and con- 
tinuing the species, and that strong attachment 
which every animal has to its oflFspring, are the 
sources from which we must trace all the move- 
ments, dexterity, and sagacity of animals. The 
principle of self-preservation is strongly impressed 
upon the minds of all animated beings. It gives 
nse to inmimeraUe arts of attack and defence, and 
not unfrequently to surprising exertions of sagacity 
ndgenius. 

when cattle are attacked by a bear, or ctlier ra- 
padious animal, they instantly form a ph ilanx for 
mutual defence. In the same circumstances, horses 
rank up in lines, and beat off the enemy with their 
heels. Bishop Pontoppidon relates, that the small 
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]4(irwcgiiui borses, when attacked by bears, 
of striking with their hind legs, rear, and, by quick 
and repeuted strokes with their fore-feet, dtner kiU 
the enemy, or oblige him to retire. This curious, 
■nd generally successful defence, is frequently pa- 
Igrnicd in tlie woods, while & traveller is Eitting 
on the horse's back. When the Norwegian horse, 
moreover, at such a juncture, has a mare or getil- 
ing with him, he generously puts them behind niiD, 
vnile he attacks the bear with his lore-legs; tnit 
if he should turn about to kick with his hmd-legs, 
he is ruinod, the bear, which lias double his strength, 
instantly leaping, and lixing on fiiti back, when the 
poor horse gallops on, til! he drops down from the 
loss of blood '. It has ot\en been remarked, that 
troops of wild horses, when sleeping, have alwayi 
one of their number awake, who acts as a centinel 
ai]d «ves notice of acnjmachiiig danger. 

The monkeys in Brazil, while they are sleejnng 
on the trees, have uniformly a centinel to warn 
them of the approach of the Oger or other rapacious 
animals; and, if ever this centmel be found sleeping, 
his companions instantly tear him in pieces tor his 
ii^ect of duty. For the same purpose, when a 
troop of monkeys are committing depredations on 
the fruits of a gai-den, a centinel is placed on an 
eminence, who, when any person apj>cars, makes 
a chatleiing noise, when the rest immediately maki 
tbur escape. 

The deer-kind are remarkable for the arts they 
employ in order to deceive the dogs. With thi» 
iriew Uic stag often returns twice or thrice upon hi* 
fomier steps. He endeavours to raise hmds or 
younger staas to follow him, and to draw off the 
dogs from ifie hnniediate object of their pursuit. 
If lie succeed in this attempt, he then flies off wit^ 

I tbUiiol Uisioty of Norway, fol. I7S5. 
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ledoubled speed, cm: springs ofF at a side, and lies 
down on his beUy to cimceal himself. When in this 
situation, if by any means his foot be recovered by 
the dogs, they pursue him with more advantage, 
because he is now considerably fatigued. Their ar- 
dour increases in proportion to his feebleness ; and 
the scent becomes stronger as he grows warm. From 
these circumstances the dogs augment their cries and 
th^ speed ; and, though ue stag employs more arts 
of escape than fcrmeny, as his swiftness is dimi- 
Dished,ms doublings and artifices become gradually 
less ^ectual. No other resource is now left him 
but to fly from the earth which he treads, and go 
into the waters, in order to cut off the scent from 
the dogs, when the huntsmen again endeavour to 

Sit them on the track of his foot. After taking to 
e water, the sta^ is sq much exhausted, that he is 
incapable of runnmg much farther, and is soon at 
^3^9 ^9 ui other words, turns and defends himself 
ittainst the hounds. In this situation he often wounds 
the dogs, and even the huntsmen, by blows with 
his horns, till one of them cuts his hams to make 
him fall, and then puts a period to his life. 

The fallow-deer is more delicate, and approaches 
nearer to the domestic state than the stag. The 
males, during the rutting season, make a bellowing 
noise, but with a low and interrupted voice. They 
are not so ftirious as the stag. They never depart 
fix>m their own country in quest of females ; out 
they bravely fight for me possession of thdur mis- 
tresses. They associate in herds, which generally 
keep together. When great numbers are assembled 
in one park, they commonly form themselves into 
two distinct troops, which soon become hostile, be- 
cause they are both ambitious of possessing the same 
part of the inclosure. Each of these troops has its 
own chief or leader, who always marches foremost, 
and he is uniformly the oldest and strongest of the 
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flock. The nUiers follow bim; and the wbole 
draw up in order ol' battle, to fbrc-e the other tnof, 
who observe the same conduct, from the best pasture. 
The regularity with which these combats are con- 
ducted IS singular. They make regular attacks, 
fight with courage, and never think themselva 
vanquished by one check; for tlie battle is duly 
renewed till the weaker are completely defeated, 
and obliged to remain in the worst pasture. They 
love elevated and hilly countries. When hunleil, 
tliey run not straight out, like iJie stag, but 
double, and endeavour to conceal themselves IroiD 
the dM;s by various artifices, and by substitut- 
ing other animals in their place. When fc 
tigued and heated, however, the\' take the water, 
but never attempt to cross such large rivers as ^ 
stag. Thus, between the chase of the lallow-deer 
and of the stag, there is no material diiFerence. 
Their sagacity and instincts, their shifts and dou- 
blings, are the Kune, only they are mnre frequently 
practised by the fallow-deer. As he runs not so 
far before the dogs, and is less enterprising, he has 
oftener occasion to change, to substitute anotlier in 
his place, to double, and to return upou his former 
tracKs, which renders the hunting of tlie fallow- 
deer more subject to inconvenienaes than that of 
the stag. 

The roebuck is inferior to the stag and fallow- 
deer both in strength and stature ; but lie is endowed 
with more gracefulness, courage, and \-ivacity. His 
eyes are more brilhant and animated. Hl8 limbs 
are more nimble ; his movements are quicker, and 
he bounds with equal vigour and agiaty. He 
likewise more crafty, conceals himself with greater 
address, and derives superior resources from nia in- 
itincts. Though he leaves behind him a stronger 
Ecent than the stag, which increases ihc ardour of 
the dogs, he Iqiowg how to evade tlieir pursuit, by 
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the rapidity widi wliich he coiiuuences hia flight, 
ind by his numerous doublings. 

Heaven- taught, the roebuck swift 
Loiters at ease Lefure the driving pack. 
And mocks their vain purtuit : nor far he (lic^'. 
But checks his ardour, till the steaming scent. 
That freshens on the blade, provokes their rage. 
Urge J to their speed, his weak deluded foes, 
Soon fijg fatigued 3 strained lo excels each nerve, 
liach slackened sinew fails ; they pant ; they foam j 
Then o'er the lawn he bounds, o*er the high hills 
Stretches secure, and leaves the scattered crowd 
To pazzle in the distant vale below. somerville. 

Hares possess not, like rabbits, the art of digging 
etreats in the earth. But they neither want instinct 
uflicient for their own preservation, nor sagacity to 
scape from their enemies. 

Tis instinct that directs the jealous hare 
To choose her soft abode. VVith ste|>s reversed 
She forms the doubling maze ; then, ere the morn 
Peeps through the clouds, leaps to her clo^e recess. 
As wandcrinu; shepherds on the Arabian plains 
No settled residence observe, but shift 
Their moving camp ; now, on some cooler hill 
With cedars crowned, court the refreshing breeze ; 
And then, below, where trickling streams di^iil 
From some precarious source, their thirst allay. 
And feed their fainting flocks : So the wise hares 
Oft quit their seats, lest some more curious eye 
Should mark their haunts, and by dark treacherous wiles 
Plot their destruction ; or perchance in hopes 
Of plenteous forage^ near ine ranker mead. 
Or matted blade, wary and close they sit. 
When spring shines forth, season ol love and joy. 
In the moist marsh, 'mong beds of rushes hid, 
They cool their boiling blood. When summer »uns 
Bake the cleft earth, to thick wide-waving fiehU 
Of com full-srown, they had their hclplc-s youii 
But when autumnal torrents and fierce rains 
l>eluee the vale, in the dry cruinblin;£ bank 
Their forms they deive^ and cautiously avoid 
VOL. II. P 
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. The dripping cwerl. Vel wh«o winter's cold 
Th«[ linibB lie numb), ihiiher wiili inec<l rehimcd 
In ihe long grass ihcv ikulk, or •hciitking creep, 
Among ibe iviihcml leav-n, thu& changing stiU, 
Aj fancy prompts tlltsm, "- *- ''"~' :— •— 



ir as Toad invii«. 




The fox has, in all ages and nations, been c«l»- 
brated for crafUness aiul aildrcEs : 

For alt his father's irilcs the (ox retains. WUT. 

Acute aiul t^i^umspect, sagacious and prudent, he 
.diversifies liis conduct, and always reserves some art 
for unforeseen accidents. Thouch nimbler tlian the 
■woti^, he trusts not entirely to the swiftness of hii 
course He knows how to insure safety, by pn^ 
viding himself with an asytiuii, to which he retutB 
when danger appears. He b not a vagabond, but 
lives io a settlca habitation and in a domestic state. 
The choice (£ situation, the art of nmking and len- 
deting a liouse commodious, and of cont-eaimg the 
avenues whidi lead to it, imply a superior degreeo£ 
sentiment and reflection. The fox possesses these 
quaUties, and employs tliem with dexterity and ad* 
vftntage. He takes up his abode ou the border of a 
wood, ajid in the nrighliourhood of coltaces. Hob 
he listens to the crowing of the cocks and the nmae 
of the poultry. He scents them at a distance. He 
chooses his time with great judgment and discretion. 
He CfHiceals both liis route and his design. Hs 
moves forward with caution, sometimes even txail* 
ing his body, and seldom makes a fruitless exiW' 
dilion. When he leaps the wall, or gets in mukfb 
neatb it, he ravages the coiul-^yard, puu all the 
owls to death, ana then retires quietly with one oC 
tlicm, which he either conceals undei- die herbagi^ 
or canies off- to his kennel. In a short time ho re- 
turns for another, wliich he carries off, and hide* ] 
m the same manna', but in a different place. In thil 
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oner he proceeds, till the light of the sun, or 
18 movements perceived in the house, admonish 
1 that it is time to retire to his den. He doeft 
ch misdlief to the bird-catchers. Early in the 
ming he visits their nets and their bird-bme, and 
ries off successively all the birds that happen tQ 
entangled. The young hares he hunts m- the 
ins, seizes old ones in their seats, digs out the 
ibits in the warrens, finds out the nests of par- 
Iges, quails, &c. seizes tlie mother on the ^gs, 
1 destroys a prodigious number of gamie. "Wlneix' 
reued, he runs to his hole ; and it is tiot uncom- 
•n to send in terriers to detain him till the hunters 
aove the earth above, and either kill or seisie him 
re. The most certain method, however^ of de« 
Dying a fox is to begin with shutting up his hole, 
station a man with a gun near the entrance, and 
*n to search about with the dogs. When they ftll 
with him, he immediately, makes fer his hole, 
it, when he comes up to it, he is met with a dis- 
irge from the gun. If the shot misses him, he 
8 off with full speed, takes a wide drcuit^ and re- 
'ns again to the hole, where he is fired upon a 
ond time ; but when he discovers that the en- 
noe is shut, he darts away straif^t forward, witli 
! intention of never reviating his fonner habita. 
n. He is next pursued by the hounds, whom he 
lorn fails to fatigue ; because, with much cunning, 
passes through the thickest part of the forest, or 
oes of the most difficult access, where the dogp 
! hardly able to follow him ; and, when he takes 
the plains, he runs strai^t out, without either 
fifing or doubling. He is an exceedingly yora* 
OS animal. Besi& all kinds of flesh and fishes, 
devours eggs^ cheese^ fruits^ and particularly 
ipes. He is so extremely fond of honey, that he 
scks the nests of wild l)eesi They at first put 
n to flight by numberless stings; but he returea 

r2 



316 The CoiiUmjitalite Philosopher, no. Lxxtc 

for llio Bole purpose of rolling himscJf oii Uit grotiaii 
ftnd of cru^nine the bees. He returns to the e\wtgi 
so of\<.'n, lliat nc obliges them to abandon the hinj 
which Itc soon uncovers, and devours both the imaef 
and the wax. Some time before the female brii^ 
fimh, she retires, and acldoni leaves her liolv, when 
ftho propares a bed for her young. Wlien liie p»* 
eeivea that her retreat is discovered, and that nef 
young have been disturbed, she carries them off, 
one by one, into a new habitation. The fox sUmi 
in a round form, like the dog; but, when he<aif 
reposes himself, lie bcs on his belly, with his hJnai 
legs extended. It is in tim ^tuation that he eyct 
the Inrds on the hedges and trees. Birds haiC 
■uch an antipathy to hini, tliat tliey no sooner ^tx- 
ceivG him than they send forth sBrill cries to ai- 
vertise their n^ghboura (^ the enemy's approaclL 
The jays and bmckbirds, in particular, follow the 
fox from tree to tree, sometimes two or three hnfr 
dred paces, often repeating the watch-<ries. But 
fon kept two young tbxes, which, when at libertV) 
attacked the ponltr)' ; but, after they were chuned, 
they never attempted to touch a smgle fowl A 
fiving hen was fixed near them for ™ole ni^ts; 
■nd, though destitute of victuals for many hours, in 
Bpite of hunger and of opportunity, they never for- 
got that they were chained, and gave tlie hen na 
disturbanoe. 

In Kamtechatka, the animats called gbitt&ns em' 
iJoy a singular stratagem for killing llie fallow-deer. 
They chinb up a tree, and carry with Lhem » qusn- 
tity of (hat Kpe<ie8of moss of which the deer are vei^ 
fond. When a dear approaohes near the treg, Hat 
glutton tlirowg down the moss. If ihe deer sl^ifBte 
cat the moss, the glutton instwitly darts down npM 
its back, and, after fixing himself firmly betweoi Iho 
hoTOB, tears out its eyes, which torme-nts the animal- 
tbwueb » degree, that, whether to put an end to " 
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torments, or to get rid of its cruel enemy, it strikes 

itehead against the trees till it falls down (lead. The 

jl^utton divides the flesh of the deer into convenient 

ttrtions, and conceals them in the earth to serve for 

uture provisions. The eluttons on the river Lena 
111, * *^ . 1 ° 

Ivi horses in the same manner. 

A species of rats in Kamtschatka make neat and 

i|NK30U8 nests under ground. These arc lined with 

tof, and divided into different apartments, in whidi 

tiie rats deposit stores of pro\'isions for their support 

during tlie ^ndnter. It is worthv of remark, that the 

nts of this country never touch tlie provisions laid 

up for the winter, except when they cannot procure 

nonri^unent any where else. These rats, like the 

Tartars, change tlieir habitations. Sometimes they 

tsCally abandon Kamtschatka for several years, and 

tfaeir retreat greatly alarms the inhabitants, which 

tibey oonstder as a presage of a rainy season, and of 

a nd year for huntmg. The return of these animals 

iiy of course, looked upon as a good omen. When- 

evor they appear, the happy news is soon spread over 

lU parts of the country. They always take tlieir 

departure in the spring, when tficy assemble in pro- 

digioas numbers, and traverse rivers, lakes, and even 

cms of the sea. After they have made a long voy-i 

tte, they frequently lie motionless on t)ie shcMre, as 

if diey were dead. When they recover their strei^th 

they recommence their march. The inhabitants of 

Simitschatka are vei^ solicitous for the preservation 

of these animals. They never do the rats any in- 

jiny, biit give them every assistance when they lie 

weakened and extended on the ground. They ge- 

veially return to Kamtschatka about the month of 

October; and diey are sometimes met with in such 

prodigious numbers, that travellers are obliged to 

atop two hours till the whole troop passes. The 

track of ground they travel in a single summer is not 

less wonderful tlian the regularity they ubsene io 




ihrn march, and that instinctive impulse which «• 
ables them to forsoe, with certainty, llic cliangestf 
timeR and of iwasons. 

With regard to birds, their artifit,-es are not lesE 
ntinici-niifl nor less surprising than those of quadra- 
pcds. The eagle and hawk lands arc remarkable for 
ihc sharpness of their sight and the arts they enifloT 
in catching tlieir prey- Their movements are rajffl' 
or slow, according to their intentions, and the stu- 
tion of the animals they wish to devour. Hapaciot* 
birds nniformiy endeavour to rise higher in the vt 
than their prey, tJiut they may have an opportunity' 
of darting forcibly down iipon it with their poiiMes, 
To counteract these artifices. Nature has endowed 
the smaller and more innocent spcciea of birds iritll 
many arts of defence. When a hawk appears, the 
amall biitls. if they find it convenient, conceal them- 
selves in hedges or brushwood. When deprived of 
this opportumty, they often, in great numbers, seem 
tt» follow the hawk, and to expose themselves umiN 
ccasarily to danger, while, in fact, by their numbeni, 
their peipetual changes of direction, and thdr uni- 
ftirm endeavour to rise above him, tliey perplex the 
hawk to Buch a degree, that he is unable to fix upoB' 
a single object ; and, after exerting all his art audi 
address, he is frequently obliged to relinquish th* 
pursuit. When m the extremity of danger, aol' 
after eniploymg every other artifice in vain, small' 
iards have been frequently known to fly to mm fij^ 
protection. 

The ravens oflen frequent the sea-shore in gwsl 
ofibod. When they find their inability to break th* ] 
■hells of muscles, S:c. they use a very ingentouf , 
stratagem : they curry a musck', or other shell-fish,' 
.high up in the uir, and then let it fitll upon a rocky 
by which means the shell is broken. ■' * 

The woodpecker is tiirnishcd viitli a Tery hrtg 
and voliibk' tongue. It feeds upon ants ainl othef 
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■mall insects. Nature has endowed this bird with a 
Miigiilar instinct It knows how to {)rocure food 
wi£out seeing its prey. It attaches itself to the 
trunks or branches of (lecayed trees ; and, wherever 
it perceives a hole or crevice, it darts in its lone 
tongue, and brines it out loaded with insects of dii^ 
ferent kinds. This operation is certainly instinct- 
ive ; but the instinct is assisted by the instruction of 
the paraits ; for the young are no sooner able to fly, 
than the parents, by the force of example, teadh 
them to resort to trees, and to insert then* tonguet 
'mdiscriminately into every hole or fissure. 
. Of the economy of fishes our knowled^ is ex« 
tremely limited. But, as the oceaxL exhibits a per* 
petual and a general scaie of attack and defence, the 
arts of assamt and of evasion must, of course^ be 
esoeedingly various. 

The insect tribes, though comparatively diminu- 
tive, are not deficient in artifice and address. But, 
I shall only mention the J'ormicaJeoy or ant-lion, 
wjiich is a small insect, somewhat resembling a wood- 
louse, but larger. Its head is flat, and armed with 
two fine moveable crotchets or pincers. It has six 
l^s, and its body, which terminates in a point, is 
composed of a number of membraneous rings. In 
the sand, or in finely pulverised earth, this animal 
diffs a hole in the form of a funnel, at the bottom 
otwhich it lies in ambush for its prey. As it always 
walks backward, it cannot pursue any insect. To 
supply this defect, it lays a snare for them, and 
especially for the ant, which is its favourite food. It 
generally lies concealed under the sand in the bot- 
tom of Its funnel or trap, and seldom exhibits more 
than the top of its head. In digging a funnel, the 
formica^leo Degins witli tracin*j a circular furrow in 
the sand, the circumference oi whicli determines the 
Aze of the funnel, wliich is often an inch deep. Af- 
t«r the. first furrow is made, the animal traces a se- 
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rand, whiti ia alvan concentric with tlie Itrrt. Il 
t)[nni§ out the sand, rs with a shore), from dx 
mocetavc iumnrs or circles, hj Tnans of its snaae 
fttt head and on* of ila ibre ]eg^. It procecaii m 
this manner till it lias oompleted its funnel, whit^il 
d<Ms nitli surprisii^ promptitude and adilresg. At 
tlic bottom ol this ttrtfiil snare it Ucs cuncuilat and 
iminoTe^le. When sn ant happens to make tan 
tu^ an wprooch to the margin of tlie fonnel, ths 
sides of wxtdi arc verr st«ep, tlie fino aand ^m 
way, and the unwary animal turablcE down to die 
boltoiii. Hie tbi-DiicS'lco instandy kills the ant, 
buricB it under the sand, and sucRa out its viuls, 
It oAerwHrd pushes out die empty skin, repaira tli* 
(liairdpr iatmducctl into its snans, and a^am liea in 
(tmbuab for firesh prey. Wlien arrived at its futi 
growth, ihi^ forniica-leo rives ii]> the bmtness of a 
ensnaring huiiter. HedesertshisfonnerbabitiUJoni 
apd crawls about for aome time un tiie surface of tin 
earth. Uc at last retires under the ^ound, spins a 
round silken pod, and is soon transformed iiiU s 
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BN THE INTERNAL STittJCTUKB OF TtlD 
EARTH. 



GitC me, ve powPrs, the wontli ,_ 

CoiiccsImI in Jarkncbs, ja Ibe depths below. 



ON the surface of our globe, we have ( 
^tcd the Dime Power and Goodness, in ii 
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rable instancesy in whkrh beauty and usetuhiess are 
equally apparent. Let us now penetrate into its in- 
terior regions, and explore die wonders of creative 
power in diose dark recesses. 

The philosopher has extended liisiJ^^?/ researches 
to the very centre of the Earth; hut net ua I inquiries 
have proceeded, hitherto, but a very litde depth 
below its surface; and, even in diese inquiries, the 
smrit of ^iterprize has been excited more oy motives 
u9f avarice than of curiosity. The deejx^st mine, 
which is that of Cotteberg in Hungary*, extends 
only to the depth of 3000 feet : but wliat propor- 
tion does diis bear to the depth of tlie globe, down 
to its centre, which is about 4000 miles P What- 
ever, therefore, lias been said of the Earth, to a 
greater depdi, is mere fiction or conjecture. We 
inay suppose it, with BufTon, to be a globe of glass; 
witn Wniston, a sphere of heated iron ; with Bur- 
net, a great mass of waters ; and, widi Kircher, one 
dr^idiul volcano; but we must ever, at the same 
tmie, confess, that diose are suppositions, which can 
never be ascertained by any human being. 

Upon examining t^e Earth, where it has been 
opened to any depth, the first things that occur are 
tqe different layers or beds of which it is composed. 
All these lie horizontally over each other, like the 
leaves of a book, and each of tliem is com|x>sed of 
materials diat increase in weight in proportion as 
they he deeper. Tliis is, in general, the aisposition 
of the different materials, where the Eardi seems to 
have been unmolested ; but this order is frequendy 
inverted, either from its original formation, or from 
accidental causes ; so that the strata, though nearly 
parallel, are found much diversified and brokep, as 
to their inclination. 

The first layer, most commonly found at the sur- 

* Boyle, vol. iii, page 240. 
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; is tlutt light coat of blackish mould, which ii 
M, by smiic, garden eartli. With tills the Earth 
imTorsally invested, unless it be washed away bf 
buns, Iff removed by some otlier external violencfc 
^his seems lo have "been forme*! from animal and 
pegptabif bodies decR^ng, and thus turning into lis 
^■bbstaiice. It sen-es also as a storehouse, whence 
file animal and vegetable natures are reneweil; and 
Uius are all the vital blessings continued in unceaang 
NTculation, This earth, however, is not to be sup- 
Iposed entirely pure, but is mixed with much stony 
"imd gravelly matter, from the layers tliat lie imme- 
tfflteiy beneath it. It generally happens, that the 
^Kw! is fertile, in proportion to the quantity wluch 
'this putrefied mould bears lo ihe gravelly mixture; 
,^d as the former prwlcMninates, ko far is the vege- 
tation upon it more luxuriant. It is this external 
(vering that supplies man with all the true riches he 
ijoj's. He may bring up gold or precious stones 
I greater depths ; but thev are merely the toys 
caprinous being, upon wnich he lias placed an 
laginary value, and for which he often exchanges 
le more substantial blessings of life. ' It is this 
irth (says Pliny) which, like a kind toother, re- 
ives us at our birEb, and sustains us when bom. 
; IB this alone, of all the elements around us, that 
never foimd an enemy to man. The body of 
aters may deluge him with rain, oppress liim with 
fail, and drown him with inundations. The aJr 
Tushes in storms, prepares tlie tempest, or lights up 
the volcano ; but the earth, gentle and indiilgent, 
'^*'er subservient to the wants of man, spreads his 
~"tfi with flowers, and his table with plenty ; re- 
is with interest every good committed to her 
'care; and if she produce the pc»son, she supplies 
deo the antidote. Though constantly teased, more 
to supply the wants of man than his necessities, yet, 
the last, she continues her kind indulgence^ 
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and, Yfhsxk life is over, piously covers his remains 
ID her bosom '\ 

This external and prolific layer is in a state of 
continual change. V^etables, which are naturally 
:fixed and rooted to the same place, receive their au- 
ventidous nourishment from the surrounding air and 
vater: animals which remove from place to plape^ 
are supported by these, or by each other. Both, 
however, having enjoyed, for a time, a life adaptecl 
to their nature, return to the earth those spoils which 
they had borrowed for a very short space, yet still to 
be quickened again into existence. But the depoidts 
they make are of very dissimilar kinds, and the earth 
is miFerently enriched by their continuance. Those 
countries that have, for a long time, supported men 
and other animals, have been obser\'ea to become 
more barren every day; while, on the contrary, 
those desolate places, m which vegetables only are 
abundantly produced, are kno\vn to be possessed of 
amazing ^rdlity. ^ In regions which are uninha- 
bited (says Buffon) where the forests are not cut 
down, and animals do not feed upon the plants, the 
bed of vegetable earth is constantly increasing. In 
all woods, and even in those often cut, there is a 
layer of earth of six or eight inches thick, formed by 
l^ves, branches, and bark, tliat fall and rot upon 
die grounds I have frequently observed on a 
Roman way, which crosses Burgundy, for a long 
extent, that there is a bed of black earth, of moi*e 
than a fix)t thick, gathered over the stony pave- 
ment, on wliich several trees, of a very considerable 
rize, are supported. This I have found to be 
nothing but the eartli formed by the decayed leaves 
and branches, which have been converted by time 
into a black soil. Now as vegetables draw mucb 
more of their nourishment from the air and wat€ 

' Hist. Nat. lib. ii. cap. 6d. 
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luui they do from the eailli, it must follow, thai, iti 
totting upon tin; gruund, diey ^vc niuuh more to 
ne »>il timii they hnve taken from it How, 
tteivfore, in woods kept a long tune without cut* 
lasm, the soil below incrcaeen to ncounderaUu depth; 
mA such we actually find in those American wild* 
*here the forests have been undi»torl>«l for ag«8. 
Ihit k is oUterwise where men aud otlier aninuU 
Itnve long subsisted^ tor, as they make a cons- 
denible cunsumption of wood and plants, both for 
firing and other u^, they take more Ironi the earth 
than they return to it. It follows, therefore, thut 
tbe b*d of vegetable earth, in an inhaUted country, 
Htust be always diminishing, and muKt, at lengui, 
Meemble (he soil of Arabia Petreea, and other ori- 
Aitftl countries, which, having been long inlmlHted, 
mx now become plains of salt and sand; the fixed 
^t always remaining, while the other volatile partft 
fem'e flown away '.■■ 

" If, from this estemal surface, we descend deeper, 
aftd view Iho Earth cut perpendicularly down^rotd, 
tilher in the hanks of great rivers, or ateepy neo- 
Aorcs; or, gMng still deeper, if we ohserre it itn 

kinrries or mines, we shall find it« layers rpgnkrly 

fepoaed in their proper order. We must not enpeet, i 
llowever, to tind them of the same kind or tliickoMV 

t evrry place, as they difih' in different bmIs and' i 
lAtufttioDs. Sometimes, marie is seen, to be over 
Mnd, and pometimea, undtr it. The most cominoit • 
ffisposition is, that under the first earth is fmnid < 
jgrttvel or sand, then day or marie, then chalk or ■ 
*»al, marbles, ores, sands, gravels ; and thus an ■ 
Vernation of these substaoceg, each growing more 
dense as it sinks deepw. The clay, for instance, 
ftund at the depth m one hundred feet, is com^ 1 
" mly more heavy tlian that found near the Eurfac*. 

^BuSiin, fel.i. page 353. _ 
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Of these beds over beds it is still more remark* 
de, that each of them^y as far as it extends, main- 
ins, exactly die same thickness. It is found, also, 
lat, as we proceed to considerable depths, every 
yer grows tnicker. Tliey are sometimes very ex- 
nave, being found often to cover a space of many 
agues in circumference. But it must not be sup- 
ped, that they are uniformly continued over tne 
bote globe, without interruption : on the contrary^ 
Bey are ever, at small intervals, cracked through, as 
were, by perpendicular fissures ; the earth reseni- 
ing, in this respect, the muddy bottom of a pond, 
hence the ^?Bter has been dried off by die sun, and 
Lus gaping in several chinks, which descend in a 
rection perpendicular to its surface. These fis* 
ires are many times foimd empty, ^but are often 
osed up by advendtious substances, which the rain 
* some other accidental causes, have conveyed to 
i^ cavides. Their openings are not less different 
tan their contents, some being not above half an 
ch wide, some a foot, and some several yards asun- 
ur ; which last form those dreadfiil chasms that are 
•be found in the Alps, at the edge of which the 
avelier stands, dreading to look down to the iin.. 
easurable gulf below. ThcsC' ama/ing clefls are 
ell known to such as have passed those mountains, 
here a chasm frequendy appears several hundred 
et deep, and as many over, at the edge of which 
le way lies. It often happens also, that the roads 
ad along the bottom, ana then the spectator ob- 
rves, on each side, frightful precipices several hun- 
red feet above him ; the sides of which correspond 
> exacdy with each other, that they seem evidently 
tm asunder. 

But the chasms in . the Alps are nothing to wliat 
re to be seen in die Andes in America. Tlicse 
Hazing mountains, in comparison of which the 
muer are but litde hills, have their fissures in pvo« 
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[ portion to tJieir inti?iiitiiile. In some places, thej 
I are a it>ile mde, and deep in proportion ; and tlieci! 
L arc some othei-s, that running under gixjtind, i^ 
I semblc, in extent, a province'. 
[ Of thia kind also is the cavern called ElJen Htie 
I -in Derbyshire; wliich, Dr. Plott teJls ns, was sounded 
I by a line of 2800 feet, without iindinf; the bottonit 
I pi meeting with watery and yet tlic mouth of kii 
L not above forty yards over^. This immeasuiaUe 
I chaara runs vertically do\vnward ; and the ades of 
I it seem to tally so correctly, as to show that Uiejr 
I vere once united, Those who visit the chasm m- 
I Berally procure stones to be thrown into ita mouui ; 
r and these Are heard for some time, faJIinjf and 
1. Btriking against its sides, producing a sound likC' 
[ distant thunder, dying away as the stone falls deeper. 
r There are many more of these dreadful perpen- 
I dicular fissures m dificrent ports of the Earui, with 
I accounts of which Kircher, G^ffarellus^ and others, 
L who have given histories of the wonders of the sub- 
I terraneaii world, afauiulanUy supply us. Tlie ge-, 
I nerality of readers, however, will conader theia 
r witli less astonishment, when they are infonned at 
r their beiitg common all over the Earth ; that in 
I evej'y fiel<^ in every quarry, these fissures are to ba 
f feund ; «tlier still gaping, or filled with mattes 
I tliat has accidentally clused their interstjccs. The 
[ inattentive spectator neglects the inquiry ^ but tlieial 
L being common is partly the cause that emtcs thtf 
I philosopher's attention to tliem. The irregularitM^ 
I of Nature he is often content to pass over unex- 
I amined ; but when a constant and common appear- 
I WDCe is presented, every return of tlie object is a 
I fresh calf to his curiosity, and the chink in the next 
Lquarry becomes as great a matter of wonder 48 th^ 

I ' GoMsdilU'i Hislory ofihe Kanli, vol. i. ch. G. 

I *Pljiluwphic3l Transaction!, lol. ii. |iage37U. Ktia^ 
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chasm in Elden Hole. Philosophers, therefore, 
bave lon^ endeavoured to find out the cause of 
these vertical fissures, which our own countrymen, 
Woodward and Ray, were the first who observed 
to be so common and universal. Bufibn supposes 
them to be cracks made by the sun, in drymg up 
the earth, immediately after its emerging from the 
deep. The heat of the sun is very probably a prin-» 
cipal cause ; but it is not right to ascribe to one 
cause only, what we find may be the result of many 
causes. Sarthq^uakes, severe frosts, bursting waters, 
and stonns tearing up the roots of trees, have pro- 
duced them in our own times; and to this variety 
of causes we must, at present, be content to ascribe 
those whidi have happened at remote periods, before 
we could have the opportunity of making any ob^ 
tervatkms upon them. 

But in surveying the subteiranean wonders of the 
globe^ beside tnose fissures that descend vertically^ 
we frequently find others that descend but a little 
way, and then spread themselves often to a great 
ext^t below the surface. Many of these caverns, 
it must be confessed, may be the production of 
human art and industry ; retreats made to protect 
the oppressed or shelter the robber. Such, for in-, 
stance, are the famous labyrinths of Candia; the 
stone quarry of Maestricht; the salt mines in Poland ; 
some of the catacombs in Egypt and Italy ; and a 
great number of artificial caverns in Spain, that 
were made to serve as retreats for die Christians 
agiahist the fury of the Moors. But the greatest 
number of caverns have been fashioned by the hand 
rf Nature only. Indeed, there is scarcely a country 
in the world without its natural caverns ; and, every 
day, many new ones are discovered. Of those in 
England, Oakey-hole in Somersetsliire, the DevilV 
hole in Derbyshire, and Penmark-hole in Glouces- 
tershire, have been often described. The former 



ticH on ilic KNilli M<ic ol' MeiKlifUiijie, about a auk 
from tlic cilv of WiJls. To I'onwive a ju8t idea of 
lliis, w«- muat inuti;itie a precipice of more tbaa CM- 
liundivJ ) anU lii;;n, on the side of a inu\intaiii, wtuch 
blivlres away a uiile above it. In this is an opLiiio^ 
not very lai^, into which we entw, guiog akm 
upon a rocky uneven pavement, sometiuies luceui- 
iug, aad iwanctiines descending. The niut^' vt' it, « 
ve tulvQiu-e, grows higher, «tt(l, in some idacest '» 
fltVy l"'t from tlK' floor. Jn »«me places, liowevor, 
it is so low, tliut a nrnn must stoup to pa»^ It €X- 
tcndu, in len^j^tli, about two hundred yards; as\i 
from every jjart of tlie roof, and the floor, there are 
formed sparry contretions of various figures, which 
by Strang unaginations hsve been likened to meiii 
lions, and organs. At the fartliesl part oi ihin 
c!ii ern n:<es a stream of water, well stoi-etl with fiiJti 
large enou^ to turn a mill, and discharging tixii 
at the entrance. — But of all tlie Bublerraiieim cayernsi 
now knoii^, the most remarkable is the Grotto pf 
Antiparoa, diEco>'ered in the island of that name, by 
AXngni. an Italian traveller, The descriplioDs w 
(his, by Eircher, Tournefort, and the count ie 
C'hrawul Gouffier, are too long to be inserted, but 
mi; highly deaerviog the attention of -tlie inqui^tiTe 1 
traveller, who visits these suljlerraneouB scenes fitf I 
amusement only, and the more minute obeervotion J 
(rf llie' irfiilosopner, ardent to pursue Nature to h^<J 
most secret recesses. iM 

' It is here nalund to inquire how these tuu&iu)^<fl 
Iiollows of the eai-th came to be formed. It Becms-^ 
evident to a philosopher who would attend to the 
account of Oalcey-hole, and to the descripiuHis that • 
Ifa\'e been given of the other eavems I iiave ia»i. 
lioned, tliat tJiuir excavation has been occasioned by 
streams of water ; which finding aubU'rranean 
sages, and by degrees hollowing the beds in yil 
they flowed, the ground abo\- 
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down dosar to their surface, leaTing the upper 
layers of the esarth or stone still suspended : the 
gpNHilid that sunk upon the face of the waters form-^ 
mg the floor of the cavern ; the ground, or rock, 
tjiat kq»t suspended, forming the roof. Indeed, 
there are but few of these caverns found without 
wwfer, either iisithin them, or near enougli to 2X)int 
BVt their formation. 



No. LXXIV. 



ON EXTRANBOUS FOSSlLS^, 

There are more things in heaven and earth 
TlNkDWe ilr«amt ef in our phiiosophy. 

SHARSPBARS« 



origin of greater part of the subterranean 
oiitiofikiiw is involved in such impenetrable obscu^ 
rity, that the plnJosopher, in his most profound 
yettsoBiags, a& well as the poet, in his id&al excur^ 
flions, may justly imagine, that creation at large 
abounds with innumerable objects, of which the 
ipost laborious inq^uirers into nature have hitherto 
formed no oonoeption. Among these subterranean 
wonders, that division of fossils which is denominated 
extraneous^ has employed the curiosity of several 
of oiur latest naturalists, 

The word Fossil is used, in a general sense, for 
any thing dug out of the Eailh, as metals, stones,, 
salts, eartlis, and other minerals, which are called 
native iossih; or for any thing de})osited in the 
bowels of the Eartli, by any extraordinary mcans^ 
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s uu-thquakes, the deluf!;e, &c. and these, to iA^ 
I bhull confine inj observations in this paper, are de- 
ttominutcd extiancotts. They indude the subter- 
f:;pean exuviae of marine and tcirrestnal animals, 
,And evoH vegelaUcE ; as shells, Iwnes, teeth, trees, 
kdants, leaves, stulks, Gcc. which ore found buned, 
m great abiuultmce, in various parts nt' the ^obe. 
Oar naturalists have each tiieir iKveral ^stem, W 
account for thcsi; extraneous fostdle; in porticulsr, 
tor tlic surpii'iing appearance of petrified sea fisb», 
jn places far remote from the seft, and on the sum- 
jnita of the highest mountains; of shells m llie 
Viiddle of quarries of stone or marble ; of tlie teetli 
«f elephants ; of the bones of divers animals peculiar 
fo the southern cHinatcs; and of plants growing 
only in tlie east, whitli are fcamd fossil in our 
northern and western parts. 

Dr. Lister was of opinion, that these shells, &c. 
were real stones, and stone plants, funned after the 
lual manner of other figured stones. But a varietj 
' considerations soon satisfied the nuturalist, that 
this doelrine was en-oneous. Another ojiimon is, 
that the fossil ^ells, witli all other extraneous bodies 
found within the earth, were buried therein at the 
time of the universal deluge. Dr. Woodward _ 
TOTticular, pursuing and improi-ing the theory of 
Dr. Buniet*, maintained, that the whole mass of 
cartli, with every thing belonging to it, was » 
troken and dissolved, at the time of the deluge, 
tliat a new earth was then formed in the bosom of 
the water, consisting of different strata, or beds 
terrestrial matter, ranged over each odier, usually- 
in the order of their speeific gravities. Thus plants,' 
animals, and especially dcJies, and shells, not yol 

. ' WooilivarJ's Essay toward a Naliiiol llist'>ry of tne 
' " lei's Sacrfid Theorj' of ihe Earth, 
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dissolved among the rest, remained mixed and 
blended among the mineral and fossil matters; 
wfaicdi preserved them, or at least assumed and 
retained their figures and impressions, eithet in- 
dentedly, or in relievo. 

Camerarius, a learned German, attacked the 
opinion of Dr. Woodward; and the celebrated 
count BufPon, and the ingenious Mr. Whitehurst, 
have adopted a very different theory. " The sur- 
ftoe of. the earth (says this philosopher) must 
have been, in the beginning, much less solid 
than it is at present ; and, consequently, the same 
causes, which at this day produce but very slight 
cjiaiiges, must tlien, upon so complying a suDstance, 
have had very considerable effects. We have no 
reason to doubt but that it was then covered by the 
waters of the sea, and that those waters were above 
the tops of the highest mountains, since, even in 
fluch elevated situations, we find shells, and other 
marine productions, in very ^eat abundance. It 
appears also, that the sea continued, for a very con- 
aderable time, upon the face of the earth ; for, as 
these layers of shells are found so very frequently 
at such great depths, and in such prodigious quan- 
tities, it seems impossible for such numbers to have 
been supported ail alike at one time ; so that they 
must have been brought there by successive depc- 
aitions. These shells also have been found in the 
bodies of tlie hardest rocks, where they could not 
liave been deposited, all at once, at the time of the 
deluge, or at any such instant revolution; since 
that would be to suppose, that all the rocks in which 
they are found were, at tliat instant, in a state of 
dissolution, which it would be absurd to assert. The 
sea, therefore, deposited them wlieresoever they are 
now to be foimd, and that by. slow and successive 
degrees. — It will appear, also, that the sea covered 
the whole cartliji frp^n the appearance of its layersj. 
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' *litch lying re/^ulwly onp ahove the other, seem d\ 

I to rcscniblf the scdimenl formed at liiffrtriit timeB 

' by thtf ocean. Hence, by the irregular ibrce of iB 

I Va^-pfl, and its currents driving liie bottom into 

■andbunkR, mountains must have been ^^radWhi 

I formed widiin this universal coverins of waters; atul 

I these BUCfesflvcty raising tlielr lieatis above its tiiiN 

face, nmtit, in time, have formed the highest ridgn 

of mountaJnu upon land, together v.-itU i-ontiaents, 

idtuidij, and low grounds, aJI in tlictr tain. Tfaia 

I <^inion will receive additional weight by coosidct- 

I i^, tJiat in those ports of the earth wliere the pavet 

I CI the ocean is greatest, tlie inequalities on tlie 8ai>- 

fecc of llie earth are highest, 'i'hi; power of the 

' ■ ocean is grcatost at the equator, where its winds snd 

' tides are mon eoiistant; and, in fact, die mounUam 

at the equator are found to be hi^cr tlian in any 

other p«t of the w«rld. The sea, therefore, luu 

produced the principal changes ki our earth : riven^ 

vnlcanos, earthcjuaKes, storms, and rain, having 

m^Kle but slig-ht alteration:^, and such only as liave 

afibeled the gWie to very inconsiderable depths'.' 

■ ' TAeeric dr la Terrc, vol, i. )>ii;e 1 1 1. G<^smiih, who, 
aUlioagh hia authnritj is nut lo be ilcpenikil upon, has ofieo 
— -"e bcauiirul ubwn'aiions, ineaking nr BulTon's Theoiy of 

Eadh.aaya. ' AthousB--' ' ~-'-' '--'—■ -i-;- 

■Tiost ingeoiuus [ihilniopher 

_ but such liiholi 

_..E tlnydesitoy the TabTic which Ciesars were . 

nlnyed an age in erecting. VVe migbt a»k how fosail-wood 
ifoundiitciKr ihaii shells i nUich atguES, tliat ireesgrew nii^._ 

I ^be ptacM which he 9ii[ipo3C4 once lo have been Gorereclby 
t\t ocean ?' Wiiory of the Earth, vol. i. page 30. Edit. iK 
tSmo. Ami *f;ain, in page 45, he thus expresses himieir:' 
< But while there are many reasons lo persuBile us, ihal limo 
cxtraiieoaa Toss iU have been ilepositAI by tliesea, there' 
fact that will abimdnnlly aen'c In conTinec u<, that the 
was habitable, if nut iiihnbilcd, before these ninrine 

. atincei came to be Ihos (]e|>n3iieil ; Tor we find Fossil 

I, no doubt, were grew (ipon the earlh, ae i)ee|>, and «» 



the Eadh, aaya, ' A thousand qiiesliuiia might be aslted ibi 
most ingenious philniopher, which he would not find it mw 
:r; but (uch li the l»t nf humanity, that a single Gain 
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Mr. Whitehurst has given a very ocmous account 
cf the yarioug phenomena reladve to tlie exmi^ of 
maiiQe aniinalp, collected from the observations oi 
BuflK^ii and odier eminent naturalists, as well aa 
from those which have occurred, in the course of 
his own inspection, in various parts of England. I 
shall extract the substance of these, for the informa-* 
tim of the curious reader, and then proceed to state 
die doctrine which he deduces from the whole. 

Fossil shells are found in the Alps, and, in ge^ 
neral, in all the elevated places of Europe ; in most 
of the quarries of stone and marble in Italy ; and in 
the stones of which the most ancient edifices of the 
Ilomans were oonstructed. In Switzerland, Asia, 
and Africa, petrified fish have been observed in 
many places; ias instance, on the mountains of 
CastravaB, there is a bed of white laminated stone : 
and each lamina contains a great number and di» 
Tersity of fishes; for the most part very flat, and 
extremely compressed, in the manner of fossil fern ; 
yet so well preserved, that the most minute markis 
of their fins and scales are distinguishable, and every 
other part by which one species of fish is known 
£rom another. The teeth of sharks, and of other 

much in the body of solid rocks, as these shells are found to 
be. Some of these fallen trees, also, have Iain at leaa as 
Jong, if not longer, in the earth, than the shells, as they have 
been found sunk deep in a marly substance^ composed of d^ 
cayed shells, and other marine productions. M. Buffon ba^ 
proved, that fossil shells coula not have been deposited iq 
such Quantities all at once by the flood ; and I think, fiom 
the auove instance, it is preUy plain, that howsoever they 
were deposited, the earth was covered with trtes before their 
deposition, and, consequently, that the sea could not have 
made 2^ very permanent stay. How then shall weaceount for 
these extraordinary appearances in nature ? A suspension of 
all assent is certainly the lirsti although the most mortifying 
'floodnct,* &c. 
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fUliea, arc found in the jaws, policed and 
miootii ut tlif extreniitiee, and wfjich, conaequenUyt 
must have been niadv Use oF, during the life i^ 
tile animal : and, in the shells, the very pearLt b» 
found, wliich the living animals of the same kind 
produce. 

It is well known, that the purpura and pholaia 
have a lon^jxiintcd probo£cie, which serves them at 
a kind <if' gimblet or drill, to [uercc tlic shells of 
■living fisli, on wliosc flesh they feed. Now, ahellfl 
thus pierced are found in tlie earth, which is an- 
©ther incontestable proof, tliul they heretofore in- 
'dosed living fish, and that these fish inbal»tcd 
jilaces where the purpura and phclada preyed upon 
them. 

In the Alp and Pyrenean moiint^ns shdk«M 
found under beds of stone, a hundied, and evtnt 
thousand feet below the siu^ace of the earth ; Rod 
•not merely those which are testaceous, but the nv 
lick« of the crustoceous iitihes also, uid even &U nilt- 
fine producUons. Mr. Whitehurst, moreover, is of 
'opinion, that in the generaJily of marbles there is 
to great a quantity of marine productions, that they 
sppar to surpass bi bulk tlie matter by whicli thcj 
are luiilcd. 

Among the many instances of the multiplicity of 
oysters, there are few more eslmordinory than thai 
'immense bed, of which M. Beaumur gives an ac- 
■count, which contdna 130,630,000 cubic fathoms. 
JThis vast mass of maiine bodies is in the Tounune in 
JPriuice, above thirty-six leagues from the sea. Some 
<nf these shells are found so entire, that tlieir ^& 

■ent species are very distinguisliahlc. Some of tha 
^ me npecies have been recently fointd on the coast 
5)f Poitou, and others are known to be nativci of 
snore distant parts of the world. Among them are 
likewise blended some fragments of the more Etony 



KOi LntT> On Extraneous Fossilu H^ 

Idnds of sea productions, such as viadreporeSy fungi 
mariniy &c The Touraine contains full nine sauare 
leagues in surface, and, wherever it is dug, furnishes 
these fragments cf shells. 

Mr. Whitehurst observes, that we shall be less 
astoni^ed at this very considerable quantity of shells, 
irfien we conader the vast increase of shell-fish. It 
is not uncommon to take away a bed of these shell- 
fish, several fethoms in thickness ; and although the 
{daces where they are fished for appear to be en- 
tirely exhausted, yet, in the ensuing year, as many 
will oe found in all these places as before. 

Hardell Cliff, in Hamphire, contains a great va- 
riety of turbinated and bivalve shells, which still re- 
tain the native matter and colour of marine shells. 
Many of these are natives of very distant regions ; 
and others of them are not known to exist in a living 
state. In some parts of Suffolk, shells arc so nu- 
merous, that they are dug up for manure, and pro- 
duce excellent crops. 

Within ten yards of the summit of Naphat, a re- 
markable mountain in Ireland, elevated several hun- 
dred fathoms above the level of the sea, are many 
Vast beds of marine sheUs of various kinds, as whelks, 
muscles, cockles, &c. In Derbyshire and Stafford- 
shire, Mr. Whitehurst frequently observed, with 
astoiuflhment, enormous masses of limestone com- 
posed almost entirely of fossil sheUs, or other marine 
relides, diffused throughout the solid substance of 
the strata. The isle of Shepy, in Kent, contains 
not only the teeth of sharics, and the bones of fish, 
but such a great variety of fossil bodies belonging 
both to the animal and vegetable kingdoms, as evi- 
dently show it to be an assemblage of adventitious 
matter. In fine, the remains of marine animals 
imbedded in the solid substance of stone, chalk, 
and clay, and in sand, gravel, &c. in all parts of 
the known world, arc so cxtremefy numerous, that 
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it is (iiiitt: uunccessarv U> add auy more iastance) of 
the kind'. 

Mr. Wbiteliurst, in colJecling tt^titer thee<<. anJ 
tnany other curious fact^, r^ativ« to foseil bodiesi 
doe.s Dot appear to hitve had any intciitioD to pcHui 
out the (iiidu of other systems, liut to aviul hiateelf 
C)f sudi j)artH of them as viein applicable to hia own 
design ; namL'ly, ' to trace appemrances in nalura 
from causes (ruJy existent, and to inquire after those 
laws by which the Creator cliosc to lorm tlie wixii, 
not those by which he might liave ibrmed it» had h* 
Eo pleased.'— In coniec|uencc of this design, bailing 
given a very copious and ecientiiic account of the 
Eeneral phenomena of ibs^ bodies, he has deduced 
&om them the following infereiiccs. 

First, The great analogy in tlie figure, cdour. 
and consistence of fossil bodies, to the sliells, bone^t 
and teeth of hving £sh, together with a graduti 
change in Uicir component parts, from a testaceeusi 
to a stony metallic substance, evidently shows, tliat 
all such iosmI bodice were ori^ially i>roduction£ of 
the sea. 

Secondly, Their being found in all parts of the 
world, even imbedded in the highest mnuntains, at 
well as in valleys, and deep recesses of the earth) 
remote from the sea, evideutJy shows that the sca 
prevdled universally over the earth ^; and, cca^ 
, setiueDtly, that thcKC marine animals were crea4ed 
pnor to the primitive it^Uuids^, and likewise priw tt 



' For agreat varjeiy of paTticii!fli5 on ihis inttresling sob- j 
jeel, ibe curious KQilir is referrEd to Mr. WhitehursTs- In- ' 
quiry into tlie Original SlAle anil Formatioti of iIm £titbk 
chap. vii. He should ako, siace this is ■ branch ofknew* 
ledpe which is daily receiving Fieah accestions and modi- 
featkmi, peruse the ariicles Geology ami Orycloto^, in itie 
ftntokigia, ioA Parkinaon's 'Owaflic Remains ofa fonaa 
World.' ^ 

■ See In^i^i) eh. r. > lb. cb. vi, 
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animals, agreeably to the scripture ac- 
count of the creation. 

Thirdly, And once they are found at various 
depths in the earth, even to that of several thousand 
feet, and in different states of decay, and variously 
impregnated with stony or metallic matter, and even 
changed into the substance of the stone in which 
they are imbedded ; it evidently appears, that the 
strata were originally in a state of fluidity, and that 
they were thus entombed and deprived of life, in 
successive periods of time. 

Fourthly, the beds of fos^ shells which consist 
of one species only, and are not native of the climate 
where lound, but of very distant r^ons of the 
earth, evidently show that they were generated, and 
have lived and died, in the very beds where found, 
and oould not have been removed from their native 
climate by a flood, or floods of water, with so much 
order, as to form beds oonsistii^ of only one select 
qpecies ; and, therefore, all such beds must have been 
ominally the bottom of the ocean. 

Sudi are the inferences which Mr. Whitehurst 
has deduced fitmi the interesting facts he has col- 
lected; which tend to corroborate, he observes, the 
several results ariang from the f(»iner parts of his 
' Inquiry into the Original State and Formation of 
theEaith f namely, that the earth was originally a 
fluid chaotic mass, totally unfit for animal or vege- 
table life : that it was progressively formed into a 
habitable world : that marine animals were created 
prior to the primitive islands, and consequently prior 
to terrestiial animals ; that they were entomoed in 
the bowels of the earth, in successive periods of 
time, and before dry land appeared. These in- 
ferences, however, have been questioned by more 
recent geolo^sts, who, in their turn, have advanced, 
notions fully as liable to objection. Time and mul- 

VOL. II. Q, 
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tiplicd inquiries in every direction, are requiate to 
the formation of an unobjectionable theory. 



No. LXXV. 

ON THE MINERAL PRODUCTIONS OF 

THE EARTH. 

^s atque aiirum, fenromque repertam est, 
Et simul argenli pondus plumbiqu^— LUCRtTi 

Then brass, and gold, and iron ore, were found. 
And pond*rous lead and silver pressed the ground. 

IN my last two papers, I haye conducted my 
readers into the interior regions of our globe: I 
have treated of its wonderful natural fissures and 
caverns, the disposition of the different kinds of 
earths, and the nature and origin of that part of 
fossil productions, which we denominate extratteous* 
I have been hitherto accompanied by the fdiilo- 
sopher, not the poet : in treating, however, of mines, 
and their productions, which I nave already noticed 
as native fossils, I find more than one poetical in- 
vitation : 

Through dark retreats pursue the winding ore. 
Search Nature's depths, and view her boundless store; 
TThe secret cause in tuneful numbers sing. 
How metals first were framed, and whence they spring: 
Whether the active sun, with chymic flames. 
Through porous earth transmits nis genial beams; 
With neat impregnating the womb of nieht. 
The offspring shines with its paternal light : — 
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Or whether, urged by subterraneous flames, 

The earth ferments, and flows in liquid streams ; 

Purged from their dross, the nobler parts refine. 

Receive new forms^ and with fresh beauties shine :«— 

Or whether by creation first they sprung. 

When yet unpoised the world's great fabric hung : 

Metals the basis of the earth were made. 

The bars on which its fixed foundation's laid : 

All second causes they disdain to own. 

And from th' Almighty's fiat sprung alone. yaldbn. 

And now the regions deep explore. 
Where metals ripen in vast cakes of ore. 
Here, sullen to the sight, at large is spread 
The dull unwieldy mass of lumpish lead. 
There, glimm'ring in their dawning beds, are seen 
The light aspiring seeds of sprightly tin. 
The copper sparkles next in ruddy streaks. 

The silver then, with bright and burnished grace. 

Youth and a blooming lustre in it^ face, 

To ih' arms of those more yielding metals flies. 

And in the folds of their embraces lies. garth. 

In treating this subject philosophically, it is re- 
quinte first to mention mines, those artificial exca- 
Tations, in which metals, minerals, or even precious 
stones, are dug up. These mines obtain various 
denominations, because the matter, or substances, 
dug out of than, is various. Thus, there are gold- 
nunes, silver-mines, copper-mines, lead-mines, tin. 
mines, iron-mines, diamond-mines, mines of anti- 
mony, of alum, &c. 

The richest and most celebrated gold and silver- 
mines are those of Peru and Chili, m South Ame- 
rica. Iron^mines are more abundant in Europe 
than elsewhere. Copper-mines are chiefly foimd m 
Sweden, Denmark, and England ; and lead and tin- 
mines io England ; the latter, more particularly in 
the county of Cornwall. Quicksilver-mines abound 
principally in Hungary, Spain, Friuli in the Ve- 
netian territories, and J?eru ; diamond-mines, in the 
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F,a>tt Indies, and in the Brazils; and salt-nmieti in 
Poland. 

The word mineral is sMnetimcs used in the giew- 
ral farfovtil, and is aj^lied to any tiubstaaice, ample 
or compound, dug out of a subterraneous jplace or 
mine; from which it takes tlie denomination, hi 
this sense, metals, sulphurs, fosal salts, sctni-tiietal'i 
&c. are Diinends. On this principle, mincrab ire 
divided into two classes; the oneJiuibU and Malle- 
able, tliat is. which raelt with fire, and stretch on the 
anvil : which are what we properly call melals. The 
other class want these two properties, aud arc what 
in the strictest sense we call minerals. 

According to some, minerals may be divided into 
simple and compoumt. To the first belong stones; 
salts, as alum, nitre, &c. inflammable minerals, ae 
sulphur and bitumen ; and metals, as platinum, gol<l' 
&c. Other more arcurati; writers restnun the ww<l 
mineral to what wc otlierwise call scmi-metals, « 
antimony, cobalt, &c. 

The word mineral, in this sense, may be defined 
a compound fossil, in which something is discovered 
in all i-espects like metal, only that it is not ^lal!^ 
able ; joined or compounded with some other fosnl, 
as salt, sulphur, stone, oi" earth. Such are antimony, 
cinnabar, bismuth, culaminaiis, vitriol, pyrites, mar- 
casites, cobalt, oker, the magnet, lapis hiematit^, 
and annenus. 

Of the origin of minerals there are various opi- 
nions. Some philoscrohers attribute the formation of 
ihem to the action of the sun without : some, to the' 
influence of the central fire within ; and some think 
that cold is the productive cause, hy uniting, cm 
donsing, and congealing certain juices of the earth, 

To the first two opinions Dr. Yalden alludes in 
the lines quoted above; and Thomson, in his beai>* 
tiful Hymn to the Sun, extends the penetrating in- 
fluence of that luminary, not to the formatiflB-r' 
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etals only, but to the production also of the pre* 
ous stcmes: 

Nor to the surface of enlivened earth. 

Graceful with hills and dales, and leafy woods. 

Her liberal tresses, is thy force confined : 

Bat to the bowelled cavern darting deep. 

The mineral kinds confess thy mighty power. 

££fulgent, hence the veiny marble shines $ 

Hence Labour draws his tools ; hence burnished War 

Gleams on the day ; the nobler works of Peace 

Hence bless mankind, and generous Commerce binds 

The round of nations in a golden chain. 

Th' unfruitful rock itself, impregned by thee^ 
In dark retirement forms the lucid stone. 
The lively diamond drinks thy purest rays, 
Collectecf light, compact; that, polished bright. 
And all itft native lustre let abroad. 
Dares, as it sparkles on the fair-one's breast. 
With vain ambition emulate her eyes. 
At thee the ruby lights its deepening slow. 
And widi a waving radiance inward flames. 
From thee the sapphire, solid ether, takes 
its hue cerulean ; and, of evening tinct. 
The purple-streamii^ amethyst is thine. 
With thy own smile the yellow topaz burns ; 
Nor deeper verdure dies tne robe of Sprine, 
When first she gives it to the southern gale. 
Than the green emerald shows. But, all combined, 
Thick through the whitening opal play thy beams ; 
Or, flying several from its surface^ form 
A trembling' variance of revolving hues^ 
As the site varies in the gazer's hand. 

Descartes was of opinion that metals were formed 
rom the beginning of the world, and were ranged, 
Kjr the laws of gravity, about the centre. These he 
apposes to have been corroded, in process of time, 
>y Uie acid salts, &c. and abundance of their parts 
arried up along with these salts by the subterranean 
leat, ana deposited in various parts of the eartli.— - 
tf . Toumefort supposes seeds of minerals, as well as 
vf animals and vegetables. According to this cele- 
)nited botanist, every thing, stones not excepted. 
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comes from E^gs; and ihe most prodigious rocks, 
hi.- tliinks, were originany no more Uum grains of 
sand. The jJchyniists mainUun, that mctols procml 
from a certain pi imuiu ens, or first seed of metals, 
vrhicii, they say, is a kind of moist vapour, or gas, 
that i-hniwra the earth or jiuce it meets witli in a vda 
into a imneral body or substance, and thence von- 
verta the nuneraU into ores or metals, by a continued 
lermentation or elaboration in the mines, caused by 
the arckeus, or heat that acts in the veins, as it pro- 
ceeds from the centre of the earth. But this doctrine 
of mineral fermi-nlation is positively denied by tiie 
^real Boerhaave, who, in his History of Fermenta- 
tion, asserts, that it belongs to the vegetable king- 
^m only. Others miuntain, that all metals and. 
mineral!' were ori^nally created in the very same 
state and nature in which they are ever found, with- 
out \mdergoiiig any kind of alteration. The most 
common opinion, among the miners of Cornwall, is, 
that crude immature minerals nourish and feed ihe 
ores with which they are intermixed in the mines: 
,and that tlie minerals themselves will, in process of 
time, be converted into ores productive of those 
metals to which they have the nearest atfinity, and 
with which they have the greatest intercourse. 

M. Geolfrey and others contend, that metals, &c. 
may be the result of a mixture of certain matters, 
wJuch liati nothing metaUic in them. Thus, in the 
ashes of all vegetables, we find a ferru^nous matter, 
vbich tJie loadstone attracts ; and yet it can hardly 
be sdd that iron existed in the plants. We see no 
ngns of iron in clay, in whatever manner it may be 
worked ; and yet. lot linseed-oil be added to it, and 
by fire iron may be procured. The same may he 
said of many other substances. It is probable, there- 
_fore, tliat metals may be formed by a combination 
of different ingredients ; nuich like sulphur, which is 
Known to be made by adding an inflammable prin- 
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ciple to a vitriolic salt. Our globe may abound every 
where with those matters, wTiicH are continually cir- 
culating through its pores and canals, and which, 
meeting with an earth homogeneous to them, fix 
thereto, and conmience minerms. 

Mr. Price, in his Mineralogia Comubiensis, thinks 
it most reasonable to conclude, that metals were made 
and planted in veins, at, or very soon after the crea- 
tion of the world : but diat they are subject to a de- 
gree of fluctuation in common with all other matter, 
approaching to, or receding from, their ultimate de 
gree of perfection, either quicker or slower, as they 
are of greater or less solid and durable frame and 
constitution. He supposes, that in every metal tliere 
is a pecuUar magnetism, and an approximation of 
particles, sui generis^ by which its component prin- 
ciples are drawn and united together; particularly 
the matters left by the decomposition of the waters 
passing through the contiguous earths or strata, and 
deposited in their proper nidus or receptacle ; till by 
the accretion of more or less of its homogeneous par- 
ticles, it may be denominated either rich or barren. 
The minerals, metals, and stones^ lie in beds ; and 
have done so ever since the flood, if not from the 
creation. But it is hijghly jprobable that they have 
a faculty of growing in their respective beds, and 
that, as the beds are robbed and emptied by 
miners, so, after a while, they recruit again. Thus 
vitriol, Mr. Boyle thinks, may grow by the help of 
the air, and that alum does die same. ^ We are as- 
sured (says this excellent philosopher) by the ex- 
Eerienced Agricola, that the earth or ore of alum, 
eing robbed of its salts, will, in tract of time, re- 
cover them again, by being exposed to the air.' 

There is great reason to befieve that metals like-kj 
wise grow, from what has been alleged by Mr. Boyl 
bi his observations about the growth of metals, aXJ 
particularly as to the growth of iron. To the 
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B stances he brings from Pliny, Pallopius, CesalpinuNi 
f and othera, we may add, tliat in the Forest of Dean, 
\ iu Glouee9tcr»hive, the best iron, and in tlie greatest 
^quantitiea, in found in the old dnders, which Uiey 
[aielt over og^. This is imputed by tscHne \o the 
I o^Ujueiicc ot' the former melUTs in not Fxhaustiiig 
V ^ ore ; and Dr. Derhani thinks it rather owuik to 
r the new impregnations ui' tlie old ore, or dniutrs, 
I from tht air, than to any seminal principle in the 
I we itwlf. There arc some other facts baw«ver, 
CVhich it is proper to mention here, a]thou|^ they 
I are not all equaily ^t'ell attested. In some mim^ it 
I i« s«id, the metah are found, at their fii'st opening, 
I very crude and Imperfect ; but which, novcTtheless, 
I in process c^ time, grow ripe and rich. Alunzo 
I Raroa relates, that, in Potosi, stones hare frequently 
I been thrown aade, as not containing any thing ctn> 
\ qderahle of metal, aad. yet have been found exceed- 
I ipgly full of it, many years afterward. Cesalpinm 
I assures ns, that earths, which before yielded no metal 
I Jrtall, sometimes became very fertile veins; and, in 
Ian isluid of the Tyrrhene sea, after tlie iron minea 
I Bave been exhausted, they stop working \h&B about 
B ten years ; at the expiration ol which, it is said, the^ 
I are Ibund as rich as before. 

I Tlus subject would lead me beyond my limits ; I' 
I shail therelore conclude this paper with some general 
1 observations on the mineral Kingdom. 
I It is utterly impos^Ue fur a bein^ endowed Ukc 
I man, witli such a limited understanding, to cnibntoe 
I At one view the universal reign of Nature, and to 
K flomprcliend, iu their entire extent, the wonderfiil. 
I properties ol" every object, We must be content to 
L acquire an imperfect knowledge of Nature, by c\- 
Kwnining, from time to time, scvnc isolated objects, 
K some particular beauties, but widi as much Btteiitiou 
B-aa possible to a successive order and airangement. 
Without which our studies VKwiA.^ AeaaAMaw mA 



290. LXXT. Mineral Productions of the Earth. S45 

uninstiructive^ Let us confine our attention, at pre- 
sent, to some of the most striking phenomena of the 
mineval kingdonou 

Among stones there is not one that deserves more 
attention than the magnet, but of this I have already 
treated in a former paper'. 

Properties equally wonderful are to be found in 
quicksilver. It yields to every form we may choose 
to give it ; but it never fails to resume that which 
is natural to it Exposed to the fire, it ascends in 
fume. By a chemical process it nu^ be converted into 
a hard and transparent crystal; but it may be reduced 
again to its original fluidity. Its uses m medicine, 
in the barometer, in looking^lasses, in gilding, &c. 
are well known. But a minute account of all its 
properties would fill a volume. 

Gold is the principal and most valuable of all the 
metals, not onfy on account of its scarcity, but of its 
many, admirable properties. Of all homes it is the 
most tenacious and unalterable; insomuch that it 
will bear the action of the most violent fire for two 
months, without any sen^ble dimkrution of its wei^t. 
Its parts are so subtile, that a grain of leaf gold can 
be made to cover fifty square inches ; so that upon 
the two surfaces, on a slight inspection, may be dis- 
tinguished four miUions of parts. And its ductility 
is sudi, that from a single grain may be drawn a 
wire five hundred feet long. 

The wonderful form of common salt, the precious 
stones, the singular shapes of the ores, or metals in 
their mineral state, the astonishing, particulars we 
have already noticed of extraneous fossils, and a 
variety of inexhaustible objects of inquiry in the 
mineral kingdom, seem constituted, with the other 
wonders of creation, to exdte our curiosity. And it 
must be confessed, that there is not an employment 

> No. Lii> On MtRDCtiam and the Manner's Compass. 
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of llie niind productive of greater delight, of mim 
solid eatiafaction, or of a greater variety of enjov- 
nteni, t}iiiii an attentive caatempladoti of the wqtks 
«f Nature. Were we to live for ages in this world, 
■nd to employ every day in studying the sineulon- 
ties of The mineral kingdom only, we ehould slill 
'find itmumerable things which we could not expl^n, 
'^ich would excite more and more our turioaty, 
*md yet continue ioMcnitable by our finite capacities. 
■JLet us employ then, at least, since the duratjon of 
our Uves scarcely extends beyond half a century, let 
US well employ the short time that is granted to us 
<bere, and devote as much of it as the necessary duties 
of hfe will permit, to the study of Nature ; and, by 
'thus ennching our minds, treasure up the most m- 
nocent and the most inexhaustible stores of know- 
ledge and pleasure. The exquisite delight which 
sucn studies afford, will be heightened more and 
inore, in proportion as we meditate on the ends which 
the Creator has proposed in his works ; for the won- 
ders of Nature arc more admirable and more sublime 
tiian all the productions of human art. These are 
not always compatible with our welfare ; and, so for 
feora rendering us either wiser or better, tliey are 
Soften the mere objects of uninstructive admiration. 
"But all the works of Nature, even the most singular 
^"■■nd inexplicable, have for their object the felicity of 
'the whole creation. Th^ exist, not merely to be 
contemplated as objects of sight, but to be enjoyed; 
'•nd all, without exception, proclaim unspeakabit 

odness, as well ss uDBeardiable wisdom 

>imded power. 

Oh, Nature, Bil-tufficienl, over M ! ^^^ 

Eiirich mc wiih ihe knowledge ol' ihy works ! ^^^ 

Snalch me to heaven ; thy rolling wonders iherCj 

World beyiiad wurM in infinite < 

Profusely scaltcied o'er the blue i 

Show me; their motions, periods, and their bnii. 
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Give me to scan ; through the disclosing deep 
Light my blind way; the mineral strata there; 
Thrust, blooming, thence the vegetable world ; 
O'er that the rising system, more complex. 
Of animals ; and higher still, the mind, 
The varied scene of quick-compounded thought. 
And where the mixing passions endless shift; 
These ever open to my ravished eye ; 
A search the flight of time can ne*er exhaust! 

^ THOMSON. 
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ON MOUNTAINS. 

So pleased at first the towering Alps we try. 
Mount o*er the vales, and seem to tread the sky ; 
Th' eternal snows appear already past. 
And the first clouds and mountains seem the last -, 
But, those attained, we tremble to survey 
The growing labours of the lengthened way, 
Th* increasing prospect tires our wandering ejres, 
Hills peep o*er nills, and Alps on Alps arise. POfE. 

EMERGING firom the vast abysses of the earth, 
we proceed once more to contemplate its external 
appearance in all its picturesque and pleasing, or 
magnificent and tremendous varieties. Mountains 
arie the first objects that strike the ima^nadon, and 
excite our curiosity, in the wonderful prospect before 
us. There is nothing in all nature, perhaps, that 
can impress a spectator, unaccustomed to these views, 
with such ideas of solemnity and awe as the stupen- 
dous piles of Nature, berore which the proudest 
monuments of human art dwindle into minuteness 
and insignificance. 

In countries where there is nothing but plains, 
the smallest elevations are apt to excite oiur wonder* 
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I Holland, the whole surface of which is flat, & 

tde ridge of hills is shown, near the sea-side, whicli 

le great Boerhaave generally mentioned to lus pupiis 

I moimtains of no small consequence, liut Wnat 

uld be the sensations of such an audience, could 

EV be presented at once witli a view of the heights 

d precipices of the Alps or of the Aiides ! Even 

this island we have no adequate ideas of a mouit- 

n prospect. Our hills are gencraUy sloping from 

e pl^n, and clothed to their very summits with 

lure. It is scarcely possible, therefore, to exalt 

conceptions to those immense piles, whose tops 

tly appear behind intervening clouds, sharp and 

:npitate, and soar to heights which human avarice 

V <:uriosity have never be^ able to ascend: 

Rocks lich in ^etDS, and mounlains bij; iviih mines, 

Tliat on the high equator ridgy rite, 

Whence o»ay a bursung siream auciferuus playe. 
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EThe origin of mountium is a subject which has given 
iee to many philosophical disquisitions. Burnet, 
VVThiston, Woodward, and Buflbn, have endeavoured 
t account for them in their respective theoiies of 
£ earth. Mr. Ray, M. le Cat, and M. Pallas, have 
lewise their systems. But the most satisfactory 
icount, in ray opinion, is that given by Mr. White- 
inrst, in his Inquiry into the Original State and 
Voraiation of the Eiulh. According to this exceU 
9it philosopher (who, instead of speculative inquiries 
1 the closet, descended into tlie bowels of the earth 
B quest of dala from which we might draw just or 
robabic inferences) the antediluvian world was very 
Sfierent from that which we contemplate at present 
jZt con^sted only of small islands gradually riang 
jfirom the deep; or of smoodi, even, and uniftmn 
devationB: whereas the world on which we tread at 
t consists of iuunense covAineQ\% «nd \nouiv 
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tains, of steep or impending shores, craggy rocks^ 
and extensive valleys and caverns. Our monnc exuvia 
fixmerly lay at the bottom of the ocean of the primi- 
tive world ; whereas many of them are now situate 
near the tops of those immense mountains, tlie Alps 
and the Andes, and at great distances from the sea. 
To account for so great a revolution, Mr. Whitehurst 
has collected many instances from history of stupen- 
dous changes that have been produced on the sui-face 
and in the Dowels of the earth. He eTiumerates some 
of the more striking examples of the rising of islands, 
such as Santorini, Hiera, &c. from the bottom of the 
sea, attended with eruptions of fire. He mentions 
several islands and mountains Having volcanic appear- 
ances, and which may likewise be supposed to owe 
their orii^n to the same cause, in times anterior to 
all history. Such are Iceland, Fayal, &c. in the 
northern sea ; St Helena and Ascension islands, be- 
tween Africa and Brazil ; Easter or Davis"* island, 
Otaheite, &c. in the Southern Ocean ; several of the 
Moluccas, in the Indian Sea ; Madeira, several of 
the Azores and the Antilles, &c. in the Atlantic 
Ocean ; the Lipari islands, Ischia, &c. in tlie Medi- 
terranean. After collecting many instances of moun- 
tains formed, and large mstricts of land swallowed 
up, shattered, and rent asunder by earthquakes, and 
particularly by volcanos, he observes that we may, 
by analog}^ be justified in inferring, that all simUar 
appearances may have been the effects of the same 
cause ; and though vestiges of volcanos are not every 
where visible, the earth exhibits indications of theu: 
having existed in so many different regions, that 
there is reason to suppose that subterraneous fire 
must, at different times, have existed universally in 
its bowels. He then proceeds to show that this cause, 
acting on a larger scale, produced, at tlie same time, 
the immense continent and mountains in the present 
globe and the universal deluge. 
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When Mr. WhiWhurst aHcribe-s these preat phe- 

ftsioniena to Jiie, it must be understood that he means, 

Vm general, the united actions of fire and water; or 

• the expanfu^'e power of the latter when converted 

tOXo ttea/H, or an elastic vapour, by means of heal; 

1 ftircc which is indeed enormous, and whicli has 

sen lately calciiIatiMl, from actual experiments, to 

Jereced even that of gunpowder, in the proportion of 

P440to5. 

Fire, acting alone at iirst, and with an intensity 

padually increasing on tlie superincumbent strata, 

jr. Wnitehurst supposes to have gradually dia- 

mded and elevated tb-ise parts most, on which the 

lutediluvian ocean rested, as the primitive islands, 

Uby thdr additional weight of solid and heavy inattcr, 

Uopposed a greater rcNstance. The waters tii us raised 

I i«outd naturally flow toward the now less elevated 

1 solid parts, or antediluvian islands ; and would finally 

^ cover tlieni, so as to produce a unhen-a/ deluge. 

The expansion caused by tire increasing, till its 

I ■force became superior to the gravity, and cohesion, 

Lrttr tenaeitv, of the incumbent strata ; the latter 

EnwouM at lenijth burst, and through the fissures a 

"Tommunication would he opened between the water 

md the ignited melttxl matter Iwlow. By the steam 

Ittitns suddenly generated, explosions would ensue, 

which must destroy the unifomiity of the globe, 

Aiatter it into fragnients, produce immense moun- 

ins, and extensive and deep aubterrimeous caverns: 

which last the waters would afterward descend, 
nd leave the various contifients, moimtains, fee. in 

satly the snme elate in wbult we now view them; 

1 containing the san'e shells, and other marine 
tuvix which they brought up with them from the 
Dttom of the sea. 

' The terraqueous globe (says Mr. Whiteliurstl 
jeing thus burst into millions of fragments, and 
" I a cause apparently Ecate<l nearer to its centre 
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than its surface, must certainly have been thrown 
into strange heaps of ruins : for the fragments of the 
strata, thus 'blown up, could not possibly fall to- 
gether again into their primitive order and regu- 
kirity : therefore an infinite number of subterraneous 
caverns must have ensued at the distance of many 
miles, or many hundreds of miles below the bottom 
of the antediluvian sea. 

* Now it is easy to conceive, when a body of such 
an immense ma^tude as the earth, which is nearly 
8000 miles in diameter, was thus reduced to a heap 
of ruins, that its incumbent water would immediately 
descend into the cavernous parts thereof; and by 
thus approaching so much nearer toward the centre, 
than in its antediluvian state, much of the terrestrial 
surface became naked and exposed, with all its horrid 
gulfs, craggy rocks, mountains, and other disorderly 
appearances. 

* Thus, the primitive state of the earth seems to 
have been totally metamorphosed at the first con- 
vulsion of Nature, at the time of the deluge ; its 
strata broken, and thrown into every possible degree 
of confusion and disorder. Hence, those mighty 
eminences the Alps, the Andes, the Pyrenean, and 
all other chains of mountains, were brought from 
beneath the great deep. Hence, the sea retired from 
those vast tracts of land, the continents ; became 
fathomless and environed with craggy rocks, diffs, 
and impending shores ; and its bottom spread with 
moimtams ana valleys like the land. 

* It is further to be observed of the horrid effects 
of this convulsion; namely, that as the primitive 
islands were more ponderous and less elevated than 
the bottom of the sea ; may we not thence infer, that , 
the former more immediately subsided into the ocean 
of melted matter than the hitter ; and therefore be- 
came the bottom of the postdiluvian sea: and the 
bottom of the antediluvian sea being more elevated^ 
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■ wai conv(!rt^ into ihe postdituii-iai) mountaiRS, con- 
1 1iiw^», &C. Slid) w'ere apparently the conseqoencea 
R ariMiig from ih^ convulsiou of nature ; and tnis con- 
i jwture 19 remarkalily confirmed by the t-ast nuinber 
I of fosKil khclb. and otlier msrint.' e:tuvia, found im- 
ft Iteilded near the tops of mountiuiis, and the iotetior 
^^arts of ['onlinents, remote from the sea, in all purts 
■of llie world hitlicrto explored '.' — But there are 
nOBaiiY pftrticulars, necessary for a more perfect elu- 
K^dation nf this interesting subject, for ^tfiich I must 
Ryefer to the excellent work itself. 

K In this manner, and by emplorins a cause that 
Kippc^rs adequate to the eifcct, And which is known, 
Bcven at this time, partJaUy to exist, Mr. WhitchnrK 

■ fci'nunts for the singidEir appeiurances which ihc pre- 
Kaent e^u-th exhibits on and beneath its surface, tor 
Rthe universal deluge, and its cessation ; and he does 
■'tiiin without having recourse to comets, a sudden 
B^tertttion of the eartii'a centre of gravity, and other 
Bfiolent and purely gratuitous assumptions. 

■ It is scarcely necessary to observe, that, with re. 
BttK'ct to height, therp are many sizes of mountains, 
Knom the gently-rising upland to the tall craggy pre- 
■^ice. The appeEU'ances are, in (»eneral, mflerent, 
mmt those of different magnitudes. The first ape 
Kdothed with verdure to their very tops, and seem 
Ito ascend merely to improve our prospects, or to 
Iwipply us with a purer air : but the tofly mountains 

■ of the other class have a very different aspect. At 
■a distance, their tops are seen, in wavy ridgee, t^ 
Ktbe very colour of the clouds, and tn be distin- 
Bguisfi™ from them by their figure only, which, as 
BSist observed, resembles tlie hillov-s of tne eca'. An 
Hre approach, the mountain assumes a deeper ctdour : 

I t Set No.>)dv, On lijitraneniis Fnsiili. 

I • Wliitehursi'e Inquiry, chap. xii. 

I * LctUes PhilosophJ(]ucs &ur Id Faraiation des MontagnM». 
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it gathers u]K)n the sky, and seems to hide half the 
hoamEon bdimd it its summits also are become 
mcnre distinct, and appear with a broken and per- 
pendicular line. What at first seemed a single niU, 
18 now found to be a chain of continued mountains, 
whose tops running along its ridges, are embosomed 
in each other; so that the curvatures of one are 
fitted to the prcmiinences of the opposite side, and 
form a winding valley between, often of several miles 
in extent; ana all the way continuing nearly of the 
same breadth. 

Nothing can be finer, or more exact, than the 
description in my motto, of a traveller straining up 
the Alps. Every mountain he comes to he thmks 
will be the last : he finds, however, an unexpected 
hill rise befiare him; and that being scaled, he 
behdds the highest summit almost at as great a 
distance as bcKne. Upon quitting the plain, he 
left, p^haps, a green and ft^tile soil, ana a warm 
and pleasing climate. As he ascends, the ground 
assumes a more russet colour ; the grass becomes 
more mossy j and the weather more moderate. Still, 
as he ascends, the weather becomes colder, and the 
earth more barren. In this dreary passage, he is 
oftien entertained with a little valley of surprising 
verdure, caused by the reflected heat of the sun 
collected into a narrow spot on the surrounding 
heights. But it ntuch more frequently happens that 
he sees only frightful precipices beneath, and lakes 
of amazing depth, whence rivers are formed, and 
fountains derive their origin. On those places next 
the highest summits, vegetation is scarcely carried 
on : here and there, a few plants of the most hardy 
kind may be found. The air is mtolerably cold ; 
either continually refrigerated by frosts, or disturbed 
by tempests. All the ground here wears an eternal 
covering of ice, and snows that seem to be constantly 
accum^ating. Emerging from this war of the ele- 
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nriits, tlie traveller ascends into a purer and ntoie 
•en-nc region, wliere v^^tation has wholly ceased; 
Ifhere the precipiceg, eompascd tyitiiely of nxks, 
;Tpciitlicularlj above niiu ; while lie views be- 
him all the (xjisbat of the elements ; douds at 
iiis feet ; and thunders daning up from their boeom 
below'. A thousand meteors, wtilch are never sewi 

llie pl^n, present thenisclvcs. Circular rainbows'; 
inock-«un)' ; the sliatlow oi' Uie mountain pnjectM 
upon the body of the air ' ; and the traveller s own 
image, rel!(x:tti(l, as in a looking-glass, upon Uie 
dpposite cloud*. 

Such, in general, are the wonders that present 
^emselves to llie traveller, in his journey over iJie 
Alps, and more particularly in the Andes. But we 
must nut suppose tliat this pietiu'e exhibits an inva- 
riable likeness of these stupendous heights. Indeed, 
nothing can be more eapricious and uregular than 
tile forma of many of llieni. The tops ol some run 
In ridges for a considerable length, without inter- 
ruption : in others, the line seems indented by great 
valleys to an amazing depth. Sometinies, one soli- 
tary mount^n rises from the bosom of the pkun; 
and sometimes extensive plains, and even provinces, 



as those of Savoy and Quito, are found embosomed 
near the tops of mountains. — But I must postpone 
to my next paper the further consideration of this 



subject, of which many interesting particuUra are 

yet to be noticed. 

1 Ulloa'b Voyagr to the Soiiili Sea, vol. i. ■ Ibid, s PhrlM. 
Tfaiii. vol. V, paj;e ISB- * UUoa, vol. i. — For u miitDle, M 

ibe Siinplon, Mont Ceni>. Hi. Bernard, Si. Colhatd, &c. w« 
Mfc to Mr. Brnr^ Coxc'i Picture iif Italy, 
ihe Traveller's Gmde in HuiitzerUnS, by ihi 
I8lS. 
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URTUER OBSERVATIONS ON MOUNTAINS. 

Again, where Alpine solitudes afcend, 
I sit me down a pensive hour to spend ; 
And, placed on nigh above the storm's career. 
Look downward where a hundred realms appear ; 
Lakes, forests, cities, plains extending; wide. 
The pomp of kings, the shepherd's humbler pride. 

GOLDSMITH. 

I CONCLUDED my former paper with a slight 
(etch of the variety of picturescjue appearances 
hich moimtains, in general, exhibit : and these we 
>ldom find forgotten, either in the delineations of 
le pencil, (h* in poetical description. 

Sometimes the pencil, in cool airy halls. 
Bade the gay bloom of vernal lanclscapet rise. 
Or Autumn's varied shades imbrown the walls : 
Now the black tempest strikes th* astonished eyes. 
Now down the steep the flashing torrent flies; 
The trembling sun now plays o*er ocean blue. 
And now rude mountains frown amid the skies ; 
Whate*er Lorraine light-touched with s<)ft*ning hue. 
Or savage Rosa dashed, or learned Poussin drew. 

THOMSON. 

If we compare the heights of different mountains, 
e shall find that the greatest and highest are found 
nder the line. It is thought by some, that the 
qpidity of the earth^s motion, together with the 
reatness of the tides, in those parts, may have 
irown up these stupendous masses of earth. But, 
> whatever cause it may be attributed, it is a re- 
markable fact, that the inequalities of the earth^s 
irface are the greatest at or near the equator. The 
irth, indeed, is very craggy and imeven near tho 
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poles; but the lieights of the mountmnf there sic 
wry inconiutleritble. On the contrary, at the equa- 
tor, where Nature seems to ^rt in the amazine 
iizo of her prod actions, the plains are extentav?, sna 
the mountains remarAadiy lofty. Some of diem aie 
Iniowii to rise three miles in height above the levd 
of tJie ocean. 

To enumerate the most remarkable of these, ac- 
t»rding to their size, I shall begin with the Andes, 
■ pnxtigious chain of mountains, extending almost 
the whole length of South America, partJld with 
the two ocenns, and terminating at tne straits ot 
Magellan. Of these mount^ns we have an excel- 
lent desciiptiun by don Juan de Ulloa, who, by 
^mmand of the king of Spain, went to Peru, in 
company with the French academidanti, to measure 
a degree of llie meridian. His accoiuit of hia jour- 
ney up these muuniains is so curious, that 1 cannot 
forbeur to give an extract from it. 

After many days sailing up the river Guayaquil, 
he annved at Coracol, a town situate at the foul of 
the Andes, Nothing can exceed the inconveniences 
he had experienced in this voyage, from the flies 
and mosquitos. ' We were the whole day (says he) 
in continual motion, to keep them off; but at night 
our torments were excesrive. Our gloves, indeed, 
were some defence to our hands, but our taces were 
entirely exposed; nor were our clothes a suffident 
defence for the rest of oui- bodies ; for the stin^ of 
tliese insects, penetrating tlirough llie cloth, caused 
a very painful itching. One night, in coming to 
anchor near a, large and handsome boose that was 
uninhabited, we were no sooner sealed in it, tlian we 
were attacked, on all sides, by swarmi> of mosquitoe, 
8Q that it was impossible to have one moment's quiet 
They who had covered themselves with clotlies, made 
for this purpose, found not the smallest defence: 
wherefore, lioping to find some relief in the open 
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piiL?s wi? eqxtt^T absKXDOQ^ 
On qniiTBtg tibs inhcKizimbie recmL:. ve i^xm: up 
q|ianer&. die mrt m^n. isk m hc«»? dur ^w^ 
bied: die mKaa- ce vindi heour insinficii of 
the terAle mMmisr me had psssied ihe pivccdb^ 
nigfat, told us gnrcLT. tius ifae faccise vp <o gresihr 
munJau ied oL had faeEn lorsikeQ. od aocount ct its 
being the piii]gatDrr of a soul. But we had shw 
leascm to bdere tlsat h vss quitiEd oq account of 
hs faeaw the purgsiorr of the bodr. Aticr having 
joumied, upwar d of thnae davs. thiough KxQ^ 
roads, in wtocfa the mules sunk to their bellies at 
eFCfy step, we besan. at length, to percave an 
afaieralion in the cmnate: and, after having been 
long aa»stonied to heat, we now f^t it grown very 
aenaiUy ocdder. 

* It is remarkaUe, that at Taraguagua we often 
see instances of the effects of t^ro opposite tem. 
pcratures, in two persons happening to meet; one 
of them leaving the plains bnow, and the other dcs 
soending from the mountain. The fonner thinks the 
cold so severe, that he wraps himself up in all the 
sannents he can procure ; while the latter finds the 
heat so great, that he is scareely able to bear any 
dothes whatever. The one tHinks the water s() 
cold, that he avoids being sprinkled by it : the other 
is so delighted with its warmth, tliat he uses it as a 
Uth. 

^ The ruggedness of the road from Tamgiiamin, 
leading up the mountain, is not easily described. 
The wcHvity is so great, in some parts, tliat tho 
mules can scarcely keep their footing; and, in 
others, the acclivity is equally difficult. The trouble 
of sending people before to mend the road, tho ]iain 
arunng from tne many falls and bruist^s, and the 
bdng constantly wet to the skin, might be sup* 
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Krted, were not theec inconveniences augmented 
iho sight of such frightrul precipices, and deep 
abyeaes, as excite incessant (error. The road, in 
aoiiie places, is so steep, and yet so narrow, that the 
mules ore obliged to shde down, wiilioul maJking any 
use whatever of their feel. On one side of the rider, 
in this situation, rises an eminence of several bim- 
drcd yart^s; and, on the otlier, is an nhyss of equal 
ilepdi ; so tJiat, if he sliould give the least chevfe to 
his mule, and thus destroy Die cquililiriura, tliey 
niU!>t both inevitably perish. 

' Having travelletl nine days in this manner, 
slowly winding along tlie side of the mountain, me 
began to find tne whole country covered with a lioar- 
frost; iind a hut, in whicli we reposed, had ice in it 
At length, after a perilous journey of ftfleen day*, 
wejirrived upon the plain, at the extremity of which 
stands the city of Quito, the capital of one of the 
KMMt cliarming regions in the world. Here, in the 
centre of the torrid zone, the heat is not oidy very 
tolerable, hut, in some jJaees, die cold is even 
painful. Here the inhabitants enjoy all the ton- 
perature and advantages of perpetual spring; the 
fields heliig constajitly covered with verdure, and 
eiamelled with flowers of the most lively colours. 
However, allliough this beautiftd region be more 
^evated tiian any otliw country in tlie world, and 
it took up so many days of painful journey, in 
the aacen^ it is overlooKed, nevertheless, by tre- 
inen<lous mountains: their ades covei-ed with snow, 
^il» their summits are flaming with volcanos. 
These mountains seem piled one upon the other, 
And rise to an astonishing height, with gtcai boldness. 
However, at a determined point above the surface of 
Ae sea, the congelation is found at the same height 
m all the mountains. Those parts which are not 
Kibiect to a continual frost, have here and th^e 
wing upon them a rush, resembling the 
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cm: broom, but much softer and more flexible. To- 
ward the extremity of the part where the rush grows, 
and the cold bcMs to increase, is found a vegetable 
with a round bulbous head, which, when dried, has 
an amazing elasticity. Higher still, the earth is 
entirely bare of vegetation, and seems covered with 
eternal snow. The most remarkable of the Andes 
are the mountains of Cotopaxi ', Chitnborazo, and 
Pichincha. On the top of the latter was my station 
for measuring a degree of the meridian; where I 
suflFered particular hardsliips from the intenseness of 
the cold, and the violence of the storms. The sky 
around us in general involved in thick fogs, which, 
when they cleared away, and the clouds, by theiir 
gravity, moved nearer to the surface of the earth, 
appeared surrounding the foot of the mountain, at a 
vast distance below, like a sea, encompassing an island 
in the midst of it. When this happened, the horrid 
nmses of tempests were heard from beneath, then 
discharging themselves on Quito and the neighbour- 
ing country. I saw the lightninff issue from the 
clouds, ana heard the thunders roll far beneath me. 
All this time, while the tempest was raging below, 
the mountain top, where I was placed, enjoyed a 
delightful serenity*. The wind was abated, the sky 
dear, and the enlivening rays of the sun moderated 
the severity of the cold. However, this was of no 
Tery long duration ; for the wind returned with all 

> This mountain is more than three miles above the surface 
of the sea. It is a celebrated volcano, one of the eruptions of 
which is described in Ulloa's Voyage, vol. i. p. 442. Vesuvius, 
and even ^tna, it should be oDs^rved, are mere 6re>works, 
compared to the volcanos of the Andes, which, as they are the 
highest mountains in the world, are the most formidable also 
for their eruptions. On this subject the inquisitive reader 
should peruse Humboldt* s 'J ravels in Souih America, for the 
most recent and correct information. 

• Some of my readers may here recollect Dr. Young's Cha- 
racter of a Good Man, in his eighth Night ; in which one 
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ts viulence, and with such velocity an to dazzk tlie 
ight I whUc my I'ears were incrt^asul by the dreodi'ui 
joncussions of the precitricc, and the fafi of eiiDrmDus 
locks; the only sounds that were heard in tliJi 
Binhll'ul Mluiition.' 

In tiimparison with tlic danjrerous ascent thus de- 
jcribcd hy the Spanish philosopher, a passage ov<7 
■flie Alp:*, and a journey across the Pyrenees, l^ppesr 
nly eictiTsinns. These arc the moyt lofty mouo* 
litis in Enrope ; hut tJie Alps are little more than 
<)nc h;Jl' tlie height of tlie Andes, of which one 
(Chiinbonizo), we know, from geometriud and banv 
mttrica! mensurations, is 20,280 feet above thelerel 
. of tlie sea. But lofty as are the liighest mountains 
tsa the earth, it has been demonstrated, that they are 
aothing compared to its prodigious magnitude, For 
instance, what proportion the thickness of a human 
bair bears to a globe eighty inches diameter, the 
Bamc does a raoimtjun, a quarter of a mile high, bear 
to the whole globe'. 

Mountains iippear, to many, defects and blemishes 
in the eai-th ; but they are certainly of the grealest 
service to the well-being botJi of man and other ani- 
'ipals. Many creatures cannot live but m particular 
AtuaUons; and even the tops of the highest and 
coldest mountains are the only places where some 
creatures will live : of this kind are the ibex and 
chamois among quadrupeds, and the lagopus araonj 
lurds. — They serve as skreens to keep tm the coli 

would imagine (hat he had either copied, or anticipucdj^hc 
ducii|itiiin here gjien by the jiigenious Spaniard ' 

With atpeci mllil, and elevated eye, 
Betiolil him ^eaieil nn a mount lerenc, 
Ahtnr lhe fops cif sense, and pajsion's «oi . 
All ihc btach cares and tumulis of this life, ■ 
Like harmlet* iltiinder!i, breaking at hit ft 
Excite his pliy, nm impair hit peace. 
^ ' Whilehutit'i.lnquirj, ( 
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blasts of the northern and eastern winds. They also 
serve for the production of several vegetables and 
minerals which are not found in any other soil : they 
enable us to keep those mines dry which furnish the 
most usefiil tnetjds. Besides, the long ridges and 
chains of lofly mountmns being generally found to 
run from east to west, serve to stop the evagation of 
the vapours toward the poles, without which they 
would all run from the hot countries, and leave them 
destitute of r^n. Mr. Bay adds, that they condense 
those vapours, like alembic heads, into clouds ; and 
thus, by a kind of external distillation, g^ve origin 
to springs and rivers ; and by amasang, cooling, and 
condensing them, turn them into r^, and thus ren- 
der habitable the fervid r^ons of the torrid zone. 
The supply, moreover, which they g^ve to springs 
and rivers, by stopping and condensing tlie clouds, is 
rendered more copious still by the prodigious quan- 
tities of snow hy which their summits are croivned. 
This last circumEtance in particular, is noticed by 
our pliilosophical poets : 

When mkl the lifeless summiu proud 
or Alpine cliffa, where lo (he gelid iky 
Snows piled on snows in wint'ijr lorpor lie. 
The rays divine of vernal Phcebus play j 
Th' awakened heaps, in strcinilels from on high. 
Routed inlo action, lively leap nway. 
Glad watLIing through the vales, in their new being gay, 

Thus on the wl! « 
To which the rain 

The mnontains more sublime in ether riie. 
Transfix the clouds, and tower amid the akies ; 
The snowy fleeces, which their heads involre, 
Slill alay in part, and still in part diiaolrej 
Torrents ana loud impcluous cataracts 
Through roads abrupt, and rude unfashionej ttacti, 
Itoll down the lofty mountain's channelled sidet, 
Aud to the vale convey their foaming tides j 
Al length, to make their variom curientt one. 
The congregated floodt together run ; 
^r VOL. II. R 
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, These confident ilreuni make some gtMt riv«t'* bm 

By itorc* iiiil melting ai"! rfiscenditiK fa] ; 
' iTiu! from Ih' a'pirifig Mooniainji otlhe Moon', 
'i ni«(Ol>ii(; Ireisutn ni»h in lnrr«iiti ilnwn, 
' Which {ess the son-burnt rulms anil land* soil. 
And bUis Ih- Enptlati nation with [licit Nile : 
Thin whosoe'er his secret rise would knuw 
Mu!t climb the hilb, and trace his head ia tnon i 
And Ihrough Ihc Rhine, the Danube, and the Hoon 
■ All ample liven of our miMer zone. 
White ihey advance along the Bals nnd plains. 
Spread by the showers 3Ugmeuie<l, and the rains ; 
Yei these their source and first beginning owe 
To stores, that from the Alpine monntaiiu flowi 

And utidtssolved their flaky texlnrt; keep, 
.The banks wit^ ease iheiroumble streams coniain, 
AVhlch swell io summer, and tho^ banks dis<lain. 



But tlie benefit (rf" mountains, in general, is not 
only, that vapours dri\en a^itist tnem are con- 
densed, so as to be nreeipitated through the chinks 
of the rocks, but tnat afterward, in thdr bowels, 
they arc preserved, till they form riviiletfi, and then 
ijivcrs. Vapours would fall in nun or dew, although 
4llerc were no mountains ; but then they would lall 
equally, over considerable places of the globe at 
vacc, and thus would be suclied deep in the ground, 
or make n uuiversal puddle. On me contrary, by 
means of mountains, they are perpetually pouring 
down in particular places, and treasuring up a con- 
itant supply to the rivers. Another considerable 
use of llicm ia the determination of tliese rivers ; for 
tf there could have been rivers without mountains, 
^et they could have flowed in a straijrht line only, 
rf they had flowed at all ; whereas, by these emi- 
;Jience3 placed up and down, they make innumerable 
tumingb and windings, by which they water and 
^inch the soil of many mflerent countries in one 

' Moutiuinsia Africa socalicd. " • 
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course, and at last diaembo^e, sofnetimes ujksevdral 
motiths, into the seg. But, not to b0 too diffii^ve)^ r 
I shall conclude with observing, that these i^tu- 
pehdous masses are itot, as scbne have sup{)06ed, 
mere incumbrances of the creation, qi rude ai^d use*- 
less excrescences o£ the globe, but in,. a yarie^ jctf 
instances, add greatly to its beauty, . aiid ^QsWer 
many excellent purposes. In a word, when we ccaj- 
template the mountains among the other innumera- 
ble disjdiays of the goodness, wisd(»n, and omni- 
potence of the Universal Creator, well may we 
exclaim with the prophet Habakkuk, ^ The ever- 
lasting mountains were scattered — His ways are 
everlasting C or in the sublime personification of 
the Psalmist, ^ Mountains and all hills — praise the 
name of the Lord; for his name alone is excellent ; 
his glory is above the earth and heaven.' 
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THE CONCLUSION, 

The whole up-tracing, from the dreary vo:d, 
/rhe chain of causes and effects^ to Him^ 
The world-producing Essence^ who alone 
possesses being. Thomson. 

' lis the conduct of the Contemplative Philosopher, 
of Wluch this numb^ is the omclusdon, I have wan- 
des^ed into some of the most fertile regions of philo- 
sc^i^cal discussion, and collected a variety of the 
wtoaderfiil phenomena of Nature, as rational sub- 
jects of curioBity and investigatian. My young 

b2 
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tcftders, in particular, I have endeavoured to allure 
to these iiii»ro\'ing iuquirles, by strewing, as it were, 
ftch winding path u-ith flowers, showing, at the 
le time, how much some of the finest passages in 
'try are indebted, tor llieir l)eauty, to the gay and 
_.'ely, or to the sublime, and even terrific rnit^s, 
which are every where so profusely scattered. But 
I have deemed tliis a consideration of infinitely less 
moment^ than that of inculcat'mg the principles of 
inety and virtue, by occasionally introducing such 
reli^ous and moral reflections as each subject had 
« tendency to inspire ; and pointing out, as the glo- 
lious theme of all, the irreaatible indications m a 
Supreme Being, t]ie Great Creator and Goveroor 
of Universid miture. 

Ere Ihe rising 9un 
Shone o'er Inc deep, or 'mid iTie vault of tiighl 
The moon her silver lamp suspcoded : ere 
The vales with springs were watered, m with grovel 
or Oak 01 nine ilie anciefii hills were cruwned ; 
Then ihe Great Spirit, whom his woTks adore. 
Within his own deep easeoce viewed the formt. 
The formi eternnl of created things ; 
The radiaot sun ; the niooa'a nocturnal lamp; 
The mountain} and the streams : (he ample itor w 
Ofearlh, of heaven, of Nature. From the 6nVl 
On that full scene his lo*e divine he fixed, "" 
His admiration. Till, in time complete. 
What he admired and loved his vitid power 
Unfolded into being. Hence ihs breath 
Of liffe informing each organic frame; 
Hence ihe green earth, and wild reeaunding waves^ 
Hence tight and shade, alternate ; warmih and cold j 
And hright aulumnsl skies, and vernal showers, 
And all the fair variety of things. AKEtlsiKt. 

It is observable, that however opposite are the 
kypotheses of Atlieism and Theism, tliere is one 
common circumstance in whidi they agree ; and 
*^"' ia, that sometlting must have been, from all 
li^i Klf^existent and independent. But 
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Atheist asserts, that this visible material universe is 
that necessarily existing something. His opinion, 
therefore, is, that as there is an infinite variety of 
beings in the universe, and a great diversity of qua- 
lities, faculties, and perfections appertaining to the 
several kinds of them, yet, that the very lowest of 
all, namely, senseless passive matter, must be the 
first principle, the eternal self-existent being, from 
which, as the sole independent origin, all things, 
even the most regular and beautiful, arose ; together 
with the highest perfection of understanding, virtue, 
and felicity, without any active, intelligent, design- 
ing cause. But this hypothesis is incumbered with 
insurmountable difficulties; for it can account for 
nothing in the whole visible creation, without attri- 
buting it to what is in itself nothing, Necesaty, or 
Chance. Neither of these can account foi^ the beau- 
tiful order, proportion, and harmony, so visible in 
the whole creation ; nor for the formation of animal 
life in such variety of species, all preserved distinct 
from each, without confuaon, and propagated by a 
settled law — each fitted to its own element, provided 
with proper food for subsistence, and proper means 
for procuring it ; with suitable instincts and organs, 
particularly sensation and self-motion, the principal 
appearances of the sensitive Hfe. Nor is it possible, 
moreover, on the atheistical hypothesis, to account 
for conscious intelligence, which it diminishes into a 
vain and empty shadow, the accidental result of the 
figure of matter and motion ; although, as it is this 
very conscious intelligence that makes man himself^ 
nothing can appear to him more real and substantial. 
But the doctrine of a Deity and a Providence is 
absolutely the reverse of this, and explains the system 
of the universe in a consistent and satisfactory man- 
ner. It represents intelligence as the first of things, 
the cause and origin of all derived beings ; and, by 
the sucl of this representation, all things appear in a 
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ttcautitul Kltd amiable light. A suprmw, eternul, 

KIIWxisLent mind, immutably possessed of all abso- 
le perfeotions, formed the plan of universal trea- 
DO, and finished it according to his own perfed 
Model ; the unceasing object of admiration to iho^ 
^perit^ minds, who endeavour to improve thdr in- 
tellectual and moral powers, and, by the study d 
Mature and of Nature's God, to lise to the most 
^blime lieights of science and of virtue '. 
• It was, indeed, to be expected, that the work d 

L Divine Architect should uear the signature of his 
rkd; that his infinite goodness, and wisdom, and 
~ wer should be displaced in tlie magnificence and 
riety, the beautiful proportion and exqukite har- 
jny of the whole. The entire mass of extended 
jpKsive matter, in it^lf so mean and rontcmpiible, 
It fornietl into various beauty, by the energy d' 
Wfiiiit thnt pervades it. Hence there is a gradual 
leceut to the utmost heights of excellence ; and in 
every rising step of the scale we behold a growing 
tfsplay of original perfection. Vegetation itself is 
,% wonderful improvement upon dead matter; but 
fuoimal sensation and spontaneous volition, however 
in comparison, are strong images of understand- 
^ and activity. Human inteUigence, with its va- 
iribus powers, exercises, and enjoyments, is the highest 
In our world, and leads ua directly to the Great Ori- 
nnal, the Uncreated Mind, by which it was formed. 
Between Uiese two there seems to be an immense 
but we have reason to imm>ine, that there 
txe intermediate orders of celestial bemgs, superior to 
"to ; although the most exalted of them must evtx be 
it an infinite distance ti-om unori^nated excellence. 

iln tlie various subjects of my preceding papers, 
e reader mast have observed many stniung in- 
"■ — ices, in which the wisdom and contrivance of a 

some heauliful lines on diij suhjecl iu p. 315 
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supreme directing power were too evident to be de- 
nied. In the productions of an infinite mind, much, 
however, must remain for ever incomprehensible 
by the most enlightened mortal. This, so far from 
being an argument agidn.'rt the existence of con- 
trivance and design in every thing we see, demons 
fitrates only the infinite distance between the unde^ 
rived source of all perfection, and the most exalted ex- 
cellence of which numan understanding can form a 
conception. Can we by searching find otit God? 
Can we find out the Almighty unto perfection^? 
Yet, although unsearchable his nature, andinscrutable 
his ways, enough is known to ekciie the most awful 
sentiments of wonder aiid' adoration. For theinfti- 
sible things of Him^ who dwelleth in unapproa^hed 
light*, even his eternal power and godhead, are 
clearly seen, being understood by the things that 
are made^. The heavens declare His glory, and 
the firmament showeth His handy rvork. Day 
unto day uttereth speech, and night unto night 
showeth knowledge'^. 

But I have already expatiated upon this sublime 
subject^, and the limits of this paper will not permit 
me to attempt a more copious discussion. Nothing 
can be more improving than freciuent meditations on 
this inexhaustible theme ; nothing more instructive 
than inquiries into the general laws of nature : pro- 
vided, after all, that the result of our researches be 
not the mere gratification of useless curiosity, or en- 
largement of tne sources of unprofitable amusement, 
but a deep sense of the infimte wisdom and power 
of the Supreme Bein^ ; the cultivaticm of those de- 
vout affections whicn a grateful sense of his un- 
ceasing goodness should inspire ; a sincere and steady 
obedience to his holy laws, in the unafiected exercisps 

» Job xi. 7, «Par. Lost, Hi. 4. and 1 Tim. vi. l6. 

3 lloui. i. 20. ♦ Psalw :tix. 1. s Sec No. vi. 
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of piety, the practice of all the moral virtues, arul, 
more juirticuLu-ly, the deliahtt'ul sentiment oi' bciu- 
volence, from our own small domestic circle, expand- j 
isg and expanding, till it include the whole human 
rate. Nor should a reli^ous acquiescence in all tlie ' 
divine dispensations be forgotten : it will naturallj ' 

r'ng flora a firm and welT-^rrounded confidence in ' 
over-ruhng providence of God : it will fill the 
mind wiili consolation in calamity, with serenity in 
the more prosperous scenes of lift', witli fortitu^ in 
nckness, and with peace, and hope, and joy, even in 
ihe moment of dissolution. But the h^itg of jriely 
and virtue must be formed, not hy a few momentary . 
and tran^ent sentiments, hut by serious and frequent ■ 
meditations on such sul^ects; and I would fain I 
adopt myself, and wish aU my readers to adopt, the I 
chaining sentiment of the poet of the Seasons : I 

Fnc me, when I rotget the darting llieme. 
Whether the blossom blowj, ihe eummef lay 

Rujsels the plain, inspiring a utuinn gleams. 
Or winier nsn in the bbf^kcning rasi. 
Be my longue mute, may fancy paint no mor^i 
And, dead (o Joy, forgi'l my heart to beat. 
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fatuus, and other fiery meteors, 
119. 

Fire-daMp, account of, i. 131. 
Sir Humphry Davy*s safety- 
lamp for preventing accidents 
from, 132. vott. 

Fire-fly described, i. 386. Beau- 
tiful appearance of, ii. 56\ 

Fires, subterraneous, philosophi- 
calaccountof, ii. 138. 

fishes, on the migration of, ii. 
264. Petrified, found in va- 
rious parts of the world, 333. 

Fissures in the earth, account of, 
ii. 325. Various theories of, 
326, 327. 

Fixed stars, on the t^s of, i. 86. 
Poetical reflections on, 88, 
90, Every star, the centre 
of a magnifieent system, H,, 
Arguments for plurality of 
worlds, 91. 



Flea, description of, i. 343. Sur- 
prising leaps of, ih. 

Flowers emit a noxious air in the 
night, i. 156. note. Danger of 
sleeping in a room with, ii. 
Reflections on, 250. Pic- 
turesque description of, 851, 
252, 253. note. Order of suc- 
cession, and infinite variety of, 
254--258. Moral sentiments 
deduced from, 258. On the 
anatomy of, 259. On the struc- 
ture of, 262. Various forms 
of, 280. List of those which 
fold up their leaves at night, 
299. Division of into meteoric, 
tropical, and equinoctial, ik. 
SOO. Poetical enumeration of, 
ik. 301. The farina of, swal- 
lowed by bees, 379. 

Fly, common, described, i, 342, 
Mannerof depositing its eggs^ 
352. 

Fog, phenomenon of, i. 120. 

Fordyce, Dr. observations on re« 
verie, i. 207. - 

Forests, picturesque appearance 
of, in autumn, ii. 205 — ^20^, 
214. 

Formica-Leo, artifice and addre^ 
of, ii. 319. 

Forster, Dr. reflections on naviga- 
tion, ii. 165. 

Fossils, extranemis, account of, ii. 
329. Theories to account for 
their appearance in the earth, 
330--332. 

Fountains and rivers, remarks on, 
1. 170. 

Fox, afiection for her young, ii. 
302. Extreme cunning' of, ' 
314. How he avoids his pur- 
suers, 315. 

Franklin, Dr. discovery of con- 
ductors, ii. 95. Further dis- 
coveries in electricity, 107, 
108. 

Frog, changes in the growth of, 
i. 360. On the migration of, 
ii..264. 



d-B; dcKlibcd, i. 911. 
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B« iclcacc eitcndfil by Sir III 

■niag, ttflcciiimtoalW nra- 
nwiof, i. 3<iS. Picuurci 
' a nrdcn, 9Gi), S7a. n i 
monio Rcrciticm of gmt 



Mitlon 



ulifgl 



Bj 



L dncriptiui of. 373. 

, firom de LiUe on, T. 

.Mu)n.S76. WaFpult 

t doling naiiccd. S'l. 

atatt, Tviusi, ubich compDic 

^•InHMphcricair, i. 136. 

"■J quoted, i. 310. 

«offre;, M. oDtbo t^'igi>■Dfmi■ 
' llef»l», \i. 312. 
I Ceor^uin ^us, iKcouitlor,i.70. 
luGcnDiun irjbc imTe ibo power 

at cmilling frugrnnv iii Ihe 

,Bi|;lit, i. S05. 

1,Di. Ibc laiher ufmudern 
dcCTricilJ, ii. 101. 



pQIaltow o( Kamlicliatka, the! 
• MraiBgtuu, ii. 316. 

'., poeiicul deicriplion of, i 



J,SI1. Accauntofili 
34!. 



Mtibeard, poetioJIjf deicrilied, 
U*I.3(K>. 

Mof, ii.345. lis 
iciiliiy, d. 
Uden age, tcliciiiei at, a fa- 
Cruirite with vouth, i. T. 



I, Dr bewil 

opon Boflbn'i Thcorji of 



Lioo bj, 



. -Sonfa, II. 33^ 

Goodwin udd), original farmitioD 



Bcn, i. 35. 
Graingcr.Dr.plcTurcHiDcdeKrip- 

tioti of aa rarTbqnake In the 

Wctt Indict. U. 131. 
Gntt, common, new leavn col- 

aia. 

GnB-hopper ipedr* noticed, J, 

336. 
GraTltjr, pliBnonciui and lam tf, 

i. fi9, 1U3. 
Graj quoted,). 311. 338. 
Green, uifiairs vatietjr tl ia 

ibadea, ii. 64. 
Gregory, Dr. O, hit ailrMMtDj 

Grew, Dr. remnrk* on mow, i. 

10. 
Gmbi or woiLing bvca made Into 

queent, i. 3BT. 
Guardiau, beauiiful rcQeelioni on. 



Haifa, Dr. di)coteri»» in airo- 
lugy, i. 130, On il)o inapiniian 
olnir by TCgetabki, 151). On 
tbetiuoflreei, 2S3. 

Halley.Dr.accouniofa remarln- 
blecumet.i. 81. ObacrtBiJpas 
on vsrioui cornels, 89. 83. Hit 
cuinpuiBiiun of tbe bri^ of 
ilic Btmospht^re, 134. Ob- 

Mrvuinnioa air. 14.1. Jitf'irj 
orroiiDiains, 1-12. IHt ofietaB 
tlus ialuii.'M of tbe let, B. 



131. 

Haliioi, remukiiiD, i. 

Hamillnn, Dr. opiniun oi 

11, ITieorj of wlul 

HttcnUion. Sir Wm, na 

iu>. ii. 155. 1^6. 

eViS, in Ilempjl 
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Harding, M. discovers tlic planet 
Juno, i. 66. 

Hare, histinct of, poetically de- 
scribed, U. 313. 

"Hartley, Dr. theory of dreams, i. 
203. 

Harvest scene, poetically de- 
scribed, ii. 36. 

Ilauy's Natural Philosophy no- 
ticed, i. 121. note. 

Haw kes worth, Dr. lines on a river, 
i.l80. 

Hawkins, Sir Robert, account of 
a stagnation of tlie sea, off the 
Azores, ii. 187. 

Hawk-kind, artifices of, 319. 

Headley quoted, ii. 24. 

Hearing, reflections on the sense 
of, ii. 75. Set Sound. 

Hedge-sparrow, the cuckoo's 
nurse, ii. 296. 

Hedysarum gyrans, account of 
i. 996. poetically described, ib. 

Heerkens, M. lines on the sub- 
mersion of svrallows, ii. 355. 
Accoimt of their revival in 
spring, ^^6, 

Helvetius, M. theory of instinct, 
ii. 272. 

Hen, wonderful instinct of, in 
making her nest, ii. 277. In 
sitting on and watching her eggs 
278. A mere idiot in every 
thing else, ib. Active defence 
of her brood, 303. 

Henry, Mr. discoveries in aero- 
logy noticed, i. 155. note, 

Herrick, lines on blossoms by, i. 
215. Invitation to a morning 
walk, ii. 36. note. 

Herrings, great migrations of, ii. 
266. Their annual visit to 
Great Britain, 277. 

Herschel planet, account of, i. 79. 

Herschel, Dr. dibcoveries of, i. 
69,70; ii.49, 50, 65. 

Hibiscus closes its flowers in the 
day, i. 305. 

Hieracium, poetically described, 
i. 300. 

Hind, affection of, for her fawn, 
ii. 302. 



Hill, Sir John, account of what 
appeared on examining a car- 
nation by the microscope, i.3 1 4. 

Hoar-frost, beautiful effect of, i. 

28. Poetically described; ib. 

29. A cause of the &11 of the 
leaf, ii. 215. 

Hoi land « a conquest from the sea, 
ii. 202. 

Homer quoted, i. 18, 224, 225 ; 
ii. 38, 214. 

Honey, process of making, by 
bees, i. 383. 

Honey-bees, skill and dexterity 
of,i. 376. 

Honey-combs, curious formation 
of, i. 376—378. 

Honey-dew, where found, ii. 209. 

Honey-suckle, quantity of air 
rendered noxious by the flow- 
ers of, i. 156. 

Horace quoted, i. 1, 181,222; 
ii. 43,77, 159. 

Horn, rev. A. seat of vision de- 
termuied, noticed, ii. 74. note. 

Horse-fly described, i. S42. 

Horses, wild, their mode of de* 
fence, ii. 310. 

Huber, M. conclusions respecting 
swarms of bees, i. 387. Ob- 
servations on ants, ii. 13. 

Hudson's bay, winter beauties of 
the firmament in, i. 31. Great 
severity of the winter there, 
ib. fwie. 

Hnghes quoted, i. 1 83. 

Humboldt, M. observations on at- 
mospheric air, i. 136. 

Hume quoted, i. 314. note. 

Hunt, Mr. Descent of Liberty 
quoted, i. 253. 

Hunter, Dr. on the nutrition of 
plants, i. 151, 244. 

Hunter, John, on the anatomical 
construction of swallows, ii. 
256. 

Hordis quoted, ii. 238. 

Huygens, M. observations on 
stars, i. 88. 

Hybemacle, or winter lodge of 
the young plant, how to dis- 
cover, i. "^^^ ^w,"OR.'«&. ^^^ 
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o(ll.l5djeieor, ii. 117. 
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Juauac, Anbiao, Uowi oiilf Id 


£4. Csmuon til' OeJd) of. it. 


Ihe nigbl. i. 305. 
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BMjtitic and •iaguJ.irorDu, >i. 


Jub quoted, i IT. liS;iL»l. 


M.ga>Ga<>tducript»D of ihe 
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. lev R^ioiu, 3fi. 


JoluiHin,Dr. quoted, 1,43,57!'. 




Juno, dijcwtrj of llii. phoet.i 


coonlciCii. 111. PoeCkslde- 


ce. 


■ tcrii<d«it.fthitiiQdotl>erGer} 


Jopiier, tceoiuil of tliii plwwt, 1. 


pdici. £u(, deep ihorci uul vio- 


K. 


.Jeuce of lilc turf tbere, ii. 


K.aB..M.onll.elorpidityo(™l- 


SOO. 


!««>, ii. i53. 
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buurifljor, i.sea. 


^^•egcBlilet, 1.155. 


Kiein, M. curium accouM of l1i( 


EJMecti, puclicil dcFCriptiunof, i. 


lubme.iiun of twalloM, il. 


.313. A view of the iiucct 
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'of, 345. Oulbelruiafurimitian 


Lfuids giien and taken away bj 


pf, 3*6. Chrjulii (tale of, 
348. On Ihe wonderlul inge- 


tbi!ee«alfJ«iiiure,ii.liOI. 
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Laplander., their ricbw. i. 4!. 




Lnva, poetical deuriptimi of die 


then«tur«of, ,i. 2?6. Won. 


Sowing of. ii.UB. Natunof. 


derfnl iniiiuci uf ilie hen, 377- 


Ii. 149. 
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food. 270- Foroe of. ewm- 
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399, TheiBn«''poeli«Uj.d»^ 
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Kribcd, 300, 301. OnUiade- 


Intellect, iciilo of, maong nun. 
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I>i»d. ii.£ie. 


on the effect of .be falJioglCTf, 
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air-Tessels, md ocfacn which 
admit water, ik Varioos (imc- 
tioos of; 210, 311. Revei^ 
sionarj stock of them in peren- 
nial plants, 2J2. Serve to 
nourish the eye cm* germ of the 
plant, 213. On the leaf falling 
from the footstalk, ii, Decaj 
and tali of, ^voorite themes 
with the poet and philosopher, 
ik The Tarious tints assomed 
by. in antumn, 214, 5215. 

Leibnitz, pre-established har- 
mony of, applied to instinct, 
ii. 272. 

I^ Hoy, M. experiment on eva- 
poration,!. 118. 

I^yd^n phial, discovery of, ii. 
105, 

Libes, M. .theory of the anrora 
borealisyi 31. 

light necessary to enable plants 
to purify the air, i. 135. Re- 
flections on tlte natare of, ii. 
52. Wonderfol divisibility of 
its particles, i3. lines on, 54. 
Materiality of, 55. Expansion 
of, 56. fVom putrescent ani- 
mal and vegetable substances, 
56, Phenomenoitof refraction 
explained, 57. Reflections on 
the uses of, 59. Poetical ad- 
dress to, 61, 62. On the rays 
of light, 63. Moral reflections 
on, 66. &e Colours. 

Lightning, reflections oo, ii. 91. 
Account of the phenomena of, 
95. Discovery of conductors, 
M. Properties of, 96. Persons 
struck by, ik Cautions re^ 
specting, 97. 

Limpet, the food of the sea-pie, 
ti. 237. note. 

Linneus's sexual system, account 
of, i. 260. 

Lioness, rage of, when deprived 
of her cubs, ii. 303. 

Lister, Dr. opinion of extraneous 
fossils, ii. 330. 

Loadstone, account of, ii. 122. 

Locke, Mr. on dreams, i. 203. 



Bcautifbl acoonnt of modes of 
thinking, 206. Doctrine of light 
and coloars, iL 67. 

Loft, Capel, qootedj L 93. 

Love, the first principle ctfthe uni- 
Terse, ii. 226. Of paresis for 
their children, 227. The great 
bond of socie^, 228, 229. For 
a particular woman the greatest 
incentive to viitne, 301. Of off- 
spring, the strongest prindple 
in nature, 302. 

Love of country, lines on, L 45. 

Lucretius qaoi^, i. 18, 19, note, 
202, 250; iL 160, 233, 338. 

Luminous appearance of the sea 
accounted for. iL 196^ 
M. 

Magnetism, lefleetions on thephe- 

. nomena.0^ iL 120k Power and 
proikfeities of the magnet,. 123. 
Variadon of the magnetic 
needle, 1 26. Poles of the mag- 
net, 127. Ujpotheab to ac- 
count for the phenomena of» 
128. 

Magpie, manner of fonning its 
nest, ii. 295. 

Mallet quoted, i. 10, 67, 70, 108» 
103 ;iL 40, 52, 177,246. 

JMalpighi on the future plant being 
contained in the seed, i. 291. 

Man, various physical changes in 
the state of, i. 358. In the 
mind of, 359. The chief lifik 
in the chain of aninaals, ii. 217. 
Scale of intellect among man- 
kind, 2 1 8. Stands at the head 
of this world, 2 1 9. In his lowest 
condition resembles the ouran- 
outan, 220. Not the sole end 
of the whole a-cation, 222. Par- 
ticular provinces of, 225. Con- 
sidered in a state of solitude, 

227 . First natural condition ol^ 

228. Gradual progress of, 229. 
Advantages derived b^, from 
association, 231. Vanous mi- 
grations of, 262. His luve for 
a particular woman the greatest, 
incentive to virtue, 301. 



oI>«FriBliuu on co- 

Jbriiicr^ cdiDput, oa tbt fint 
ducuTtc; ot, li. 131, 19S, Hit. 
^cr MACNmiM. 

larictw, is. Uwurj of ImuiUins, 
I \fi. 

WnoiM, Aljniw, llieir mode of 
bufTOoiagi ii, 291. SingvUr 
cceiiDiuj uf, S91. Tlicirwiulct 
•l«|>, ifr. 

[uTiagc, or puring, not anfre- 

3U4. Hutu ID Lhe reailiemi 
tribe, 315. Poeiic*! deM;ri|)- 
tiuu of. 306—308. 

Uan.iccao'ntoflbia planet, i. Ce. 

Itsnigli, M. ha o|iiiiioii oa Lhe 

panicuiari of. 



uuolcd, i. Ses, 97e. 
mil. U. nwark* on Mal- 



i. 19. 



JlelvUr, Mr. tlieory or dew, i. 

Jfcrcurj, acconnl of ihii |ilanet, i. 
63. Fraperliei of, 345. 

Mtu\t, defijiition of, iL 340. 
Poetical account of thdr origiD, 
341. ThForiu of, il>. US. 

Hctcuric fiowcn, i. 199. 

"leleors, oirietT of, id the anno- 

tficroicope, liaet on the noDderg 
of, 1.311, aiJ, Interiorily of 
the norka of art to ihaie ol na- 
tnr«, when eiuniincd by, 313. 
Account of a camatioD e>- 



Renurkable on< 
2M. Of frogs I 
tabra, ib. Of salmon, 36^, 
iierriugs, SCO. Of lhe 1» 



crab, see. or in 

Muli<rea for mipuion, and rr- 
flcciiuni on, 1171. Of ran b 
Kamtschalka, 317. 

Migration of birdi, rtBectiona on, 
ilUJ. TDSl.Kilda.d«elib«l, 
ib. 3W. Remarkable dream- 
■taiica in, Hi, Order af, la 
birds of pnuage, ib. 9-16. M. 
Biberg) obwrvations on, 147. 
Food of birdu of paaaaga la 
Gns[BritBiii,34B. UaiiDcrof 
Iheir iraveiling, ib. Of tin 
■wallow ID Alrica, 349. lioci 
un, 349,231. AnatomicBl con- 
Uruclkm of birds of fiigbl, SSG. 
Opinion of fiuffijn en, SiH. Of 
FennaBt, t60. linea oHi ii. 
'261. Anificejof, 318. 

Mitlon quoted, paaim. 

facultj of motion, i.«9S. P» 
fticalt; described, ib. 
Mineral prodnelions, obHTvationi 
on, iL 33S. Of varioni tninei, 

339. OiigiDofiuioerali,340, 

Varioas thtoriei of. 341,344. 
Pfopenies of quicinilver and 
gold, 343. Singolarilieiofllit 
minual kingdoni, 3i€. 

Minci, TBtioiu, accunnl uf, iL 339, 

Mint, eiperiment with iprua of, 
i. IJ3. 

UinaM parti of creation, reflee- 
lioiu on the Divine WiidDai and 
Powtrto, i,307, 311. 

Mock luiu and hnlM frequent in 
Hadwn's Bay, i, 31. 

Mole, linffolantructiireaf ilscar, 
ii. SO. Manner uftbrmingtbdr 
hdhitationi, 393. 

Monk, Capt. accoinit of tlM win- 
ter in Hudson's Ba^, i. SI , luie, 

Monkcji, Braai], cunoui par^il- 
lan of, 11310. 

Monsoons, account of,;. 13. 

Moon, account of, i. JH 116. 
Phenomcnaof, S27.3SS. Pro- 
bsbililv of its being inbalHled. 
ii. 50,51. Its in" " " - " 



index. 
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Ifoonlight scenct deseriptiohs of, 
i. 222. From Young, ib. From 
Shakspeare, 223. From Milton 
and Homer, 224, 236. 

Morning-walk', beauties of, iL 34, 
35. Poetically described, 36, 
and fwte, 37> 41. Melodies of 
morning, 42. 

Mosaic account of the creation, 
objections to, refuted, ii. 150. 

Moths, various species of, i. 339. 
Curious particulars of their 
transformation, 354. 

Mountains, on the origin of, ii. 
.348. Picturesque description 
of, 353. Furtlier observations 
on, 355. Account of the Andes, 
35 fi. Utility of, 360, 361. Ad- 
vantages of, poetically describ- 
ed, ib. 362. 

Moving plant, account of, i. 296. 
Poetically described, i6. 

Muschenbroek, M. experiments 
on dew, i. 234. 
N. 

Iifavigation, reflections on the art 
of, ii. 158. Construction of a 
raift or canoe, 159. Notice of, 
by Lucretius, 160. Poetical 
account of its origin, 161. Ark 
built by Noah, 1 62. Uncertain 
before the discovery of the 
magnet, ifr. Dr. Forster's re- 
flections on, 165. 

Kests of birds, their peculiar me- 
chanism, ii. 238. Singular one 
of the taylor-bird, 239, 240, 
note. Variety in the materials 
and structure of, 294. Of the 
eagle, tfr. Of magpies, 295. Of 
the long-tailed titmouse, ih» 
Pensile nests of European birds, 
296. Nest of the cuckoo, ih. 
Of the passerine tribes, 297. 
Contrivances of the chaffinch 
and common swallow in making, 
298. Of certain Chinese birds, 
a delicate food, ib. 299. Of 
. the water-fowls, ib, 
Kewton, Sir Isaac, observations on 
comets,!. 77. His opimons con- 



troverted by Dr. Hamilton, ib. 
On gravity, 99, 105. Singular' 
origin of his discoveries on thi» 
8\j bject, 1 06. His reasomng on 
the motions of the celestial 
bodies, 108. His discovery of 
the true permanent air, 126. 
Ol>servadons on air, 1 44. On 
water, 160. On light, ii. 56. 
On the theory of tides, 170. 

Newtonian system of attraction, i^ 
104. 

Night) flowers that blow only in, 
i. 304. 

Nimbus, a modification of clouds, 
described, i. 125. 

Noctiflori, or night-blowing flow- 
ers, account of, i. 300, 305. 

North-east passage, lines on the 
discovery of, i. 36, 

Northwich, practice of the mana- 
facturers of salt there, ii. 1 89. 

Noi'way, migration of oxen in, ii. 
263. Singular one of rats in, 
t6. 264. 

Novelty of objects a source of 
great enjoyment, ii. 25. 

Nyctantheus blows only in the 
night, i. 305. 

Nymph state of insects, i. 350. 

Nymphsea poetically described, i. 

300. The leaves of the futare 

plant distinctly seen in the seed 

of the nymphaea nelumbo, 306. 

O. 

Oakey Hole, in Somersetshire, ac- 
count of, ii. 32S. . 

Oaks, grove of, planted by the 
. crow, i. 293. 

Oby, description of the river, L 
41. Inhabitants on its banks, ti». 

Ocean, on the various phenomena 
of, iL177. Farther reflections 
on, 187, 196. See Sex, 

Offspring, the love of, the strong- 
est principle in nature, ii..S8£ '. 

Olaus Magnus, singular opinim 
respecting the torpidity of svalr^I 
lows, ii. 254. 

Olbers, Dr. discovers the pUuieW 
PaUas and Vesta, i. 66. a* 




ej. Dr. oLiftiBliom on diTine 

leiuvoleDcc, i. 54. 

la), ditcovtrj of tbu pUnet, i. 

TeniUl; of, i. 964. 
tfiSo, varuHii Epiwii;] of, rie- 
•cribed,!. 370,Hi>'<. StchVT- 

nal.M. varUlioiu nf the atmn- 

■phereobwrxvl bj. L 133, 143. 

Bwrine tribes, lURiiDer of fonn- 

b^ their ne>t>, ii. 497. 
huion of the grove*, renurki on, 

', 187. 

tor Fido qnoltd, i. Sal. 
_ iberton, Dr. siDgolir aoecdate 

•fSir IraacNewion.i. lOii. 
ffendnliuii, M. lUchrr't obKrva- 

tioDion,!. 9T. How acted up- 

Pamant, Mr. obKrrHtiam im the 
lorpidirysnd raigrniian of twul- 
low], ii, 3!>4, S6D. On the ra- 
pid growlhaf ibetalmon, ^5, 
S66. AccooiitafatiemilFiieM 
b Alhor. North Brilsin, 996. 
plant!, leavea of, farmed 
i>ai,ii. SIS. 
^^ aaJt and De la Hire, MM. 
r •lliearv of fonDtuBi, i. 173. 
Ihlrified filhet found in Tarioiu 

fart* of ihe Horld, il. 333. 
Fetnmiiu on Ihe vonitj of dreaDM. 
i. 805. 



PUneiisaccauDloftbe, 1. 6S. Of 
the four iiewl; diKorered, SJ. 

Fbntitig treea, witb a *iew to 
picrareique eflect, in lutnniDi 
il. au. 

Plant), food of, i. 159, nutr. 
Thriv«inpatridur,IS4. Light 
DfcesHr; to enable them to pa- 
rifj^air, 1^5. Emit a noiiUDi 
airintbenight.lSfi. Greatuie 
of to pttrifj llie air. 15B. On - 
lhi:ri>odor,-J41_'250. Onthe 
structure of, 280, Their m 



' and lea 



I, 383. 



ProocH of mtnfe in 
tianDf,38T. Poetical enamen- 
iionof,!93. Sleepof.^qj. On 
The folding up uf their leavn at 
nighl, '2^8. LJst of plants pM- 
sesdng this peculiarity, SD9. 
Poetical enauierallDn of, 300, 

philosophiciillj, ib. 3t)9. Tbrfr 
Tiear approach to animals, ^3, 
Some ploDls flower only in Ihe 
uight, 304. Future plant dii- 
tmctljKcn in the hybWiBcle, 
30n, 306. ConstTuerton of the 
leavea of, and their tarlmii 
OKI, U. J09— 31 1. LeiTet of 
perennial plants formed id au- 
ttimii, ai3. SceLuves. 
Pliny, hi> ifeflnition of mow, I. IB. 
Quoted, ii, 246, B*K. DeMiip- 

ijM. , 
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l^olar winter, reflections od, i. 27, 
37. 

Pope quoted , passim. 

Poppy, lines to the, i. 196, note. 

Price, Mr. opinion on the origin 
of minerals, ii, 343. 

Priestley, Dr. experiments and 
observations on air, i. 128, 153, 
138. Cautions respecting light- 
ning, ii. 98. 

Prior quoted, i. 90 ; ii. 251. 

Psalms o( David quoted, passim, 

Ptolemaic system, account of, i. 
60. 

Purpura, curious contrivance of, 
ii. 334. 

Pyrenees, shells found in, under 
beds of stone, ii. 334. 

Pyrites, inflammable nature of, ii. 
144. Analysis of, ib. Large 
quantity of, takes Are, at Whit- 
stable, in Kent, 145. The cliffs 
near Charroouth, ignited from 
containing pyrites, 146. 

*Q. 

Quadrupeds, physical and mental 
changes in, i. 359. Partial mi- 
grations of, ii. 263. Wonderful 
instinct of, 272. On the habita- 
tions of, 290. 

Queen-bee, affection of the hive 
for, i. 384. M. Hnber's observa- 
tions respecting, 386, 387. One 
made from the grubs of workers, 
ib. 

Quicksilver, properties of, ii. 345. 
R. 

Rain, phenomena of, explained, i. 
120. 

Rauibow, poetically described, ii. 
62. 

llains, part of the ocean so called, 
i. 12. 

Rats, singular migrations of, in 
Norway, ii. 263, 264. InKamt- 
schatka, 317. 

Ravens, artifices of, ii. 318. 

Rays, coloured, of the son, iL 
65. 

Reaumur, discoveries of relative 
to bees, L 380. On the internal 
economy and BUHiiienof-wa»p»9 



ii. 5. Account of an iminenM 
bed of oyster-shells, 334. 

Redbreast, lines to, -i. 5, 6. 

Recupero, Canon, objections to 
the Mosaic account of the crea- 
tion refuted, ii. 151—153. 

Refraction, phenomenon of, ex- 
plained, ii. 57. 

Red Sea, beautiful appearance of 
its bed, ii. 204. 

Reimar, M. observations on the 
nature of instinct, ii. 274, 275. 

Reindeer, the support of the Lap- 
lander, i. 42. * 

Republic, instance of a perfect 
one, ii. 301. 

Revelation, objections to, deduced 
from volcanic phenomena, re- 
futed, ii. 148. 

Reverie, what, i. 907, note. 

Richer, M. observations on tbe 
pendulum, i. 97. 

Rivers and fountains, remarks on, 
170. Poetical tmd philosophi- 
cal descriptions of, l72 — 178. 
Of the progress of a river to the 
sea, 1 79. Dnes on one by Dr. 
Hawkesworth, 180. 

Robinson, M>s. lines on insects, i. 
330. 

Roebuck, habits of, ii. 312. Po- 
etically described, 31.3. 

Rose, lines to, i. 255. 

Russell, Dr. lines to a lady fearful 
of thunder, ii. 100. 

Russians, their attempt to colo- 
nize the country of Spitzber- 
gen, i 39. Their mode of Ufe 
there, 40, 41. Picturesque lines 
on the inhabitants, i&. 
S. 

Safety-lamp, account of, t 132, 
note. 

Saintfoin, crop of, how premfr- 
turely destroyed, ii. 211. 

Saint Kolda, immense perpendicu- 
lar height of its coast, ii, 200. 
Transmigration of birds to^ ^3, 
244. And disappearance froni, 
-poetically descrined, f6. 

Samt Paul quoted, i 1 78. Saliit 
I FanFs cathedral, echoifl,ii. 79. 



UU pb«nani<!iiaa tluvr,iii 

ilrn Kcrro-i ncconnt of llw 
doudi io tbo Trepio, i. 

1J». 

llmon, migratian of. ii, £64. 

Siai^uUr un of, '■□ dcpoutiiig 

It) >nwii, S6&, Rapid grawih 

of.U. Immeiuc dumhei Ukcn 

Id the TwmU. 366. 

lit, oburiationi on ihc loljiliau 

aCL117. Uavull 



Ilajull 



tDcu of tbc K 

XUOD,U.1BO— IS5. &(6ea. 

nocidi, Ilieit mode of life, L 

H. 

idyi quoted, L 17> 

I, on the drculiiioa of, in 

|Jui»,i.aBS. Liars on, aST. 

elQtn, ■ccooni of, L7I. 

iim, wGuuat uf Ihu pliiiicl, i. 

!S. 

ngn, eilrrmei of indolence 



aril, M. pictureBqae refiectioni 



991. 

gripture , pauage in, nplaincd, i, 

at, wonflen of, poetically de- 
scribed, ii. 117. Quantity uf 

■ndnslf. Time necoiaij to re- 
fill, luppcniDg it cihausted of 
water, 179. Rcmarkt on its 

«r,ISl— 165. Poetical opininn 
DD the >ut)JFCt. 186. Singular 



1B7. On (he larioui 
cf, lb. Accountnf bay taltuid 
eonunan talt. ib. Difference 
'between tea-vater and frejh, 
188. Comparative weigh) of, 
In dry and wet weaiber, 190. 
^e KB equally silt at all 
depibi, 191. Ad'antagei arit- 



iog fraiB iKHJtiMM, JMl JWi 
tra Kiih dilScull;, II. In 
formed frum mow tm itaHRbm 
J 93. liUiMiMiu nppeariDcc of, 
1 91^. ReToiutitins prDdneed on 
tl>cearthby,IS9. Laodigiiea 
aiul token Dttay by, nt plemnr. 
sot. HuUoud, a canqDot ftom 
the tea, iO'l. Ttae oontnuj in 
tlie Ctudoin Sonda, ii. Ilie 
country about Ely once aier- 
wlielmed by. ift. 203, Ffc- 
turciqac deacripiiun of the bed 
of.30i. Rcflettiona OD an 
Toyage, it. eu3. 
Sea-breeze*, phenomenou of, I 



SeuDoi. haftnouy oflbe, L 6 — 3. 
On the Taricty and ticiatitudct 
of, 181. liiieson Ihepnigre* 
of,ia3,19f. ClwrBcteriiticiaf, 
186. Pccnliarbeautieiufad), 
ii. 305, 9U6. 

Seed, on the vivifyiog of, i. 38S. 
On the covering o^ 386, twtc. 
The whole plant contained ia, 
S91. . Curious ciicmnMance id 
■clf-Kiwing, S92. Maimer in 
whtcb seeoi are ditperaed, ik 
393, 39B, note. Motioiu of; 
when 10VII1 in a rcveraed por- 
tion, 397. On the plutne of, 
298, nnff. 

Scjour, M. Dd, theory uf cometij 
i. 76. 

Seneca quoted, 1, 13S, Probable 
prediction uflhenisrtiKr'i 001^ 
pauby.ii.ise. 

Sensntion, degrees uf, in plant*, i. 
303. 

Semes in general, obsecvations an, 
ii. B3, 89. 

Seniitire plan!, on hs faculty of 
motion, i. S93. Porlicall; if 
scribed, it. 

Seiual lyslem, view of, i. 260. 

Shalmpeare quoted, pauim. 

Shaw, Dr. addrri) to tbe tialtaw, 
ii. asi. 

Sheep, migration of, in OrliMj 
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and Shetland, ii. 263. Kemark- 
able sagacity of, in the choice 
of their food, 279. 
Sheppey, isle of, in Kent, extrane- 
ous fossils found there, ii. 336. 
Shetland, beauty of the aurora bo- 
realis there, i. 29. Migration 
of sheep in, ii. 263. Great 
shoals of herrings there, 266. 
Sbip-building, origin and progress 
of, ii. I.'i9. Poetically describ- 
ed, 161. Constraction and bulk 
of a large ship, 165. Its vast 
freightage, ih. Gradual pro- 
gress of navigation, ih. 166. 
Picturesque description of a 
ship, ii). Immense quantity of 
provisions required for a large 
ship's company, 167. 

Siberia, species of aurora borealis 
in, i. 30. 

Sight, the most perfect of our 
senses, ii. 68. 

Silene, poetically described, i. 
301. Its flowers closed all d ay, 
305. 

Sleep, reflections on, i . 1 93, Poe- 
tical eulogies of, 195, 196, note. 
Philosophical remarks on, 197. 
Fine contrast between a sound 
sleep and a restless night, by 
Shakspeare,199. Beautiful epi- 
gram on, 200 . Sir T. Browne's 
address to, 201. Great abuse 
of, ii. 34. See Dreams. 

Smell, philosophical account of, 
ii. 85. 

Smellie,Dr. on vegetation, i, 303. 

Smellie, Mr. reasons to prove the 
submersion of swallows, impos- 
sible, ii. 256. On the archi- 
tecture of the beaver, 300. 

Smith, Charlotte, lines on night- 
flowers, i. 301. • 

Smul, wandering into a bee-hive, 
liow attacked and killed, and 
buried by the bees, i. 332. 

Snow, reflections on, i. 17. De- 
scriptions of, from the bible, ib. 
From Homer and Lucretius, 18. 
from Thomsoo, 19,30. FbUo- 
▼Oil. u. 



sophical account of, 30 — 22. 
Curious phenomenon of, in 
llussia, 22. To make artiflcial 
snow, 23. Uses of snow, 33—25. 

Society, the natural state of man, 
ii. 225. Among animals, 226. 
Origin and progress of, 227 — 
230. Innumerable advantages 
of, to man, 231. These poeti- 
cally described, 232. 

Solar System, reflections on the, 
i. 57. 

Solstice, winter, account of, i. 4. 

Solution, Dr. Hamilton's theory of, 
i. 116. 

Somerville quoted, ii. 272, 313. 

Sound, reflections on, ii. 75. Phi- 
losophical account of, 76. Of 
echoes, 77. Structure of the 
ear, 80. 

Sparrows, instinctive sagacity of, 
ii. 241. 

Spiders, species of, described, i. 
343. lines on, 344. Pecu^ar 
faculty of, ii. 238, note. Curious 
particulars of certun species, 
302. 

Spitzbergen, singular and majestic 
forms assumed by the ice there, 
i. 33. Ice-bergs or glaciers of, 
35. Magnificent description of 
these icy regions, 36. Single 
night of, 37. llie country de- 
scribed, 38, .39. Account of 
Russian and English mariners 
left here, 39. Manners of the 
inhabitants, 40, 41. Poetical 
tribute to, 41. 

Spring, characteristics of, i. 186, 
213. Poetical description of; 
211—214. Moral eflects of 
upon the reflecting mind, 216. 
These poetically enumerated, 
217. Various beauties of, 21 8. 
Somiet to, 220. Moral reflec- 
tions on, 221. 
Spri!ig-fly, account of, i. 339. ' . . 
Sta^ordshire, fossil shells foinid^ 

iD,ii. 335. 
Stag, artifices of, to deceive ^ 
• dogSfii. 310-. 
s 
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. . riH; oa (te Aufiagc 
done by ll(hliiia(, ii. 98, wrc. 

lUIicu qiiolrO. i. 193, llM, 

'9lDtk, wuudeilul lailkicl of, ii. 
aiS. Ai>iiu>aiiMenibtyor.e*e. 

, Tho aime jHivticalJj ilcKribcd, 

' 847. 

fttorat aoit lemperii, muni re- 
Oectioai on, i. U— 16. Of 
tliiuideraod lightnJug. portit^al- 
I; de9criti«il.ii. 93. 

$tnlD!i, a inotlificMtioD of doudi, 
desaribcd, i. 113. 

5uBi>lk, cmnuiniai fsuils round 
' in,il.3ai. 

SoaiiDer.characterof.i. ll'7. Rc- 

' flcclioiis on, ii, U. Vuiioos 
T beauljei of, 36. Varioui parts 

' ofasainitier'i da;, sj dcKribe-d 
by ■nioniion, 11. Samntcf! 

' eve, bj Kirk* Wlii(e.'J9.ii«e.' 

, PiqlorCitjuc descriptioD of a 
loumier'i daj, 3D, 31. 

'Sdo, gloriiiu] sIiDw &til)c rising of, 
u.aU. I'icturoxjua efTeclDl'.iip- 
oil tlie moniing lutdwape, ;j[). 
Thii poeticallj dncribed, 40. 
UjDKi (a God M sDn-riae, 4 1 , 
Beaectioiuon,44. Phikiiaphi- 
cal account of, 45. OfiliEipoii 
on in surfece, 46. Dr. Ilers- 
cbel'9 opinion on, 49. Proba- 
bility of itt being inhabiced, 51). 

"■ Od the coloared nja of, 65. 

Sod and maoa itandiog bqU, il- 

* IiulraliDn or tliia part of scrip- 
ture, i. 96, nolc. 

Ikui-flower, lioea on iU lurnuig 
toward the aim, I ^S8. 
Supretue Being, reSrctioni oil llio 

* eiisleuce aS, L 46. Eridence of 
one fhna the varioni object! uf 
nalnrei 47, 48. Argumenls lo 
prove, 4B — 5i. Ob^ircalioiu 
00 the IKvine Benevoleace, j4 
— Sfl. Irrenistible indicalioiu 

" of, u. 364. 

TSwallowa. flacks of. observed on 
cbDrcbei.rDcks, &C. previuusly 
Id migralioD, iL 84B. Bi^og 
of ■ ihip covered with, HiS. 



Ibr re-appearBnce of, in Eng- 
Innd. 'ii. ^^0. Addrea lo, bj 
Dr. Shiir,!31. IJtHsanltic 
mreal of, 959. ¥(««■» a Aip 
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h. S54. WofiilMiia 

their rBvivai, ks5. U6. fits- 
sons to prove this imponibfe, 
ii. 251. OpiniuD of Buflbn, 
958. OrPeunBnt,i6&. Loa 
on their qaitling Englvut, ii. 
96) . Grt«l niusber o( tfff 
lun by one, 399. 

SHumx of beu, M. Uubri^ ub- 

cluiioni rvapeuling, i 5S7. 

T. 

Tasw, plnliituphical aeemint of, Ii, 



Thalea, lilmpiiuan of iho elcntCDt' 
ary nalure nf waicr, i. 159. 

Theiim and aihtiim, eonnon cii- 
cuoislance iu obicb lliev ngrcc, 
ii. 365. 

Tiionison quoted, rnu in. 

Thonuoa's SeaKios, a pbiliBuplii- 
cat, OB well u moral and dc- 
ft<:i^p1ive poem, L I9t, 

Thunder and lightiung, poericil 
descriptioa of a atoris a^ it. 9i, 
In the torrid jsooe, 94, TIW 
aocicoislearfulof, 99, Mti 

Thunder-norm, grealan leoirilT 
dgunet ill terrurt, ii, 99. lint* 
written iii une, id. lOO. To ■ 
lady fearful of thunder, it. 
State of the elondj in, tcpre- 
tented by an eKpcFinwnl, 109. 

Hcktll qaoled, i, 254. 

Tldet, refiectiDiB on rtw natareef, 
ii. 169. Eifcct of tho no 
upoii, 171. Remarkable bi 
lidej, nj. 

Tlme'i TdesEopa notieed, i. J 

titmouse, long-lalled, alnoril)- 
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nary formatiou of its nest, ii. 
fi38, 239, 293. Pensile nest of 
ibe hang-nest titmouse, 296. 

Torricelli observes the pressure of 
the atmosphere, i. 139. Cele- 
brated experiraentoi^ 140. 

Toach, philosophical account of, 
n. 87. 

Touraine, immense bed of oyster- 
shells in, ii. 334. 

Tournefort, ]M. on the origin of 
minerals, ii. 341, 342. 

Trade winds, account of, i. 13. 

Tragopogon closes its flowers in 
the day, i. 305. 

Transformation of insects, reflec- 
tions on, i. 346. On transforma- 
tion in general, 337. Of plants, 
361. In the mineral kingdom, 

302. lines on the transforma- 
tion of man, ^5. 

Trees, and other vegetables, fre- 
quented by bees, i. 379. Va- 
riety of colours assumed by the 
fading leaves of, ii. 206, 208. 

Triamphetti, M. observations on 
vegetation, i. 293. 

Tropical tlowers, i. 299. 

Toia, nature and properties of, ii. 
156, note. 

Tulip-root, experiment with, i. 

303. Poetical description of its 
retiring to its hybernacle, 306. 

Tweed, immense number of sal- 
mon taken in, ii. ^&, 
U. 

Ulloa, Don Juan, account of a 
journey to the Andes, ii. 336 
—360. 

V. 

Van Helmont, M. his opinion of 
water, i. 160. 

Vegetables and trees frequented 
by bees, i. 379, note. 

Vegetation, influence of snow up- 
on, i. 24 — 26. Of air on, 145, 
149. Of vegetation on air, 1 49. 
Account of various experiments 
on, 130. Food of plants, 152, 
note. On the sexes oi vegetables, 
261. ReflectipDSOiivegetatiooy 



278. Process of, in a bean, 288. 
Various phenomena in the ve- 
getable kingdom, 294. 

Venus, account of this planet, i. 
64. 

Venus*s fly-trap, account of, i. 
296. Poetically described, 297. 

Vernal reflections, i. 211. 6'ee 
Spring. 

Vesta, discovery of this planet, i. 

Vesuvius, eruptions of, ii. 149. 

Village-Curate quoted, ii. 233. 

Virgil quoted, i. 8, 31 , note j 330, 
373 J ii. 23,7", 138,205. 

Vision, reflection^ on, ii. 67, 
Sight, the most perfect of our 
senses, 68. Anatomical descrip- 
tion of the eye, 69. Experiment 
with the eye of an ox, 71. 
Phenomena in the theory of, 72. 

Volcanos, reflections on, ii. 138. 
Poetical descriptions of Mount 
JEtOA, 139. Philosophical ac- 
count of, by Dr. Watson, 140 — 
1 47 . To make an art ificial one, 
142. Remarks on, by Sir W. 
Hamilton, 135—157. 

Voltaism, discovery of, ii. 111. 
This science extended by Sir 
Humphry Davy, 112. 
W. 

Wager, Sir Charles, account of 
swallows seen on a ship in the 
British Channel, ii. 249. 

Walker, Mr. his translations firom 
the Danish, quoted, i . 45. 

Walpole, Horace, his observations 
on gardening noticed, i. 277. 

Wasps, on the wonderful i ngennity 
of, ii. 1 . Particular account of 
their cells, 2. Their subter- 
raneous city extremely popu- 
lous, 3. Different stories of 
their combs, 4. Observations of 
Reaumur on their internal eco- 
nomy and manners, 5. Mate- 
rials employed in constructing 
their nests, 6. Number of neu- 
ters or Ubonrers, ib. Immense 
number of cells in a nest, 8. 
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Of the femtle wasps, 10. Af- 
fection for their young, 303. 

Water, on the nature and pro- 
perties of, i. 159. Praise of, 
by Pindar, 160. Philosophical 
analysis of, 101, and tude. Uni- 
versal diffusion of, 167. Its 
important uses, 1 69. 

Water fowls, manner of laying 
their eggs, ii. 299. 

Watson, ]Jr. bishop of Landaff, 
philosophical account of vol- 
CHnos, li. 140. Refutation of 
the canon Kecupero's objec- 
tions to the^ lyfosaic account of 
the creation, 150 — 153. Re- 
view of various opinions on the 
saltness of the sea, 182. On 
freezing sea- water, 193. 

Wax, how made by bees, i. 379. 

Wells, Dr. account of lus recent 
theory of dew, i. 240. 

West's Pindar quoted, i. 160, 

White, Kurke, quoted, ii. 29, 
note, 

Whiston, Mr. observations on 
comets, i. 70. 

Whitehurst, Mr. ingenious theory 
of the earth, ii. 331. Observa- 
tions on extraneous fossils, 334, 
335- Summary of his remarks on 
the phenomena of fossil bodies, 
336, 337. On the origin of 
mountains, 349 — 352. 

Willoughby, Sir Hugli, lines on 
his discovery of the N. E. pass- 
age, i. 36. 



Will-witb-a-wisp, descripdoa o^ 
ii..ll7. 

Wilson's Hymu to Spring quoted, 
i. 216,217. 

Winds and storms, reflections oq, 
i. 8. Philosophical account of 
winds, 10 — 14. 

Winter, reflections on, i. 1. Poe- 
tical descriptions of, 2, 3. A 
favourite theme with the poets, 
ib. In the polar regions, ib. 
Beauty of winter scenery, 5. 
Reflections on a polar winter, 
27. Picturesque descriptioD of 
•ne at Copenhagen, 28, 29. 
Characteristics of, 188. 

Wmter-sleep of the marmot, ii. 
292. 

Wolcott, Dr. quoted, i. 200. 

Woodpeckers, artifices of, ii. 319. 

Wood-piercers, a species of soli- 
tary bee, described, ii. 19. 

Woods, picturesque appearance 
of, in autumn, ii. 206 — ^208, 
214. 

Woodward, Dr. improvement of 
Burnet's theory of the earth, ii. 
330. 

Worlds, on a plurality of, i. 83. 
Y. 

Yalden quoted, i. 346. 

Young's Night Thoughts quoted, 
passim, 

Z. 

Zodiacal light, singular phenome- 
non of, ii. 48. 



THE END. 



T. DAVISON, Lombard street, 
Whitefriars, LMidon. 
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